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Tools

Table 1 shows an example of the software on each station for the initial pilot run in the IDC.
Table 1. LaRC IDC Disciplines and Software Tools

IDC Station

Tools

Software

MS Visio

MS Visual Studio

Structural

PATRAN

PATRAN Thermal

NASTRAN

SigFit

PATRAN Materials Selector

Mech/CAD

Pro/E

Active Payload (Lasers)

STK

ZeMAX

Passive Payload (Optic System, Detectors)

ZeMAX

TracePRO

STK

Avionics/Electronics

Orbital/Environmental

STK

PolyTrans

Telecom

Multi Mission Telecom Analysis Tool - MMTAT

MatLab

STK

SPASIM

Thermal

PATRAN

PATRAN Thermal

Thermal Desktop / AutoCAD

Fortran

C++

Fabrication/ Testing

Pro/E

Unigraphics

Optics

ZeMAX

TracePRO

Mission/System, Customer/Science, Documentation

Power OrCAD via Windows 2000 terminal emulator
JPL S/W -- MMPAT
All Remote Admin, plus Standard ODIN load: MS Office suite,

etc.

Current software load is listed in “IDC Workstations.xls” on the IDC shared drive.
Shown below is a partial diagram of how some of these tools interlink.
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Mechanical Station: CAD Practices for IDC

This document is an overview of best practices to be used by a mechanical designer in a
Integrated Design Center session. Pro Engineer is assumed to be the primary CAD tool used by
the mechanical designer. This is a working document and will evolve as software is upgraded
and new software and translators become available. Included below is practices on creating
geometry, Importing and exporting data, and interfaces between mechanical design and other
disciplines involve in the design process.

1. Creating Geometry

a. Coordinate System — Before any CAD modeling is done, agreement on
orientation should be made and documented at the project level. The model
should be built in an orientation such that the project coordinated system is the
default CAD coordinate system. Although coordinates system can be added at
any time, exporting and importing assemblies is more stable using the default
coordinate system.

b. Units — Units should also be set at the project level. Units are set by clicking Set

up/ Units, clicking the desired units, then clicking Set.
JRI=TI] [ =l x]
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P Fle S Relations
| ~ Family Tab
Declare
@ PRTO001FRT =l ,
K ;
£7 SIDE ! #-section
e TOP = Program
47 FRONT [ﬁ Integrate
B CSYS_PART_DEF " Copy From
o Insert Here st
I
X =47 || Material
e
Sygtemeof ni| - Units | Density
Tame
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Inch Pound Second (IP5) EERLALS
Meter Kilogram Second [MKS] Dim Bound
millimeter Mewton Second [mmt ] Ref Dim
Shrinkage
Geom Tal
Sutf; Finish
Grid
Description Tol Setup
¢ Inch Ibm Second (Pra/E Defalt] Interchange
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Done

Clase

| D d

3

Bzan||| A @ 5 & > @ || Be] @] o] Sr| 6] Sn] Bo] ] Ef Fo| Fie[Te. (MGG B IDSAOTARS  auom
c. Start Parts — Start Parts and Assemblies should be created for each project.
Models created using start parts will have the same coordinate system and
consistent units as well as share a similar layer scheme.
d. Large or complicated assemblies should have skeletons.
2. Importing
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a. Importing 3D geometry
i. From the File pull-down menu select Open.
ii. The “File Open” dialog box will appear. Set the “Type” (i.e. IGES, STEP,
SAT...).
iii. Browse to the appropriate folder, select the file to import, and click Open.

¥ File open x|

Lu:u:uklnllil proe_files j @ E3|
£ =

Break_Test

CCS

Calipzn
Flight_Rudderator

|-beam

[ mport
Shell
TTSSHIP
afd_floor
berg

capes

liza l
2

I arme I _proi

LyDDDDDDDDDDD

Sul:u-t_l,lpel j
Open I [Hpen Hep.. I Cancel | Presview &> |

iv. In the “Import New Model” dialog box, select Assembly.

¥ Import New Model x|

Fram: F:hmu_docshproe_files\CAPESA\CAPE Soptics1 b.ztp
— Type
" Part

—

=

=)
o

" Diagram
= Layout
" Format
i~ Drawing
[T Import Views

Name  |CAPESopticsib

Cancel |

v. Rename the model if desire then click OK.
b. Importing 2D data can be done in a similar process to 3D data.
1. From the File pull-down menu select Open.
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ii. Select Drawing as “Type.”

iii. Enter No to “Scale to fit format?”

iv. Enter Yes to “Move bottom left corner of drawing to screen origin?”
c. Troubleshooting — If the model fails to import, check the following:

1. ProE and DOS are more flexible with file name than the translators ProE
uses. Filenames can be made up of letters, numbers, dashes, and
underscores. Spaces should be removed. Also, the files extension is case
sensitive. In the figure below, “CAPES 072103 a 1.STP” should be
renamed to “capes 072103 a_ l.stp.” Although it is not required to
change CAPES to lower case on a windows platform, it is preferred sense
ProE on unix is case sensitive.

& G:;'\my_docsiproe_fles\CAPES_import

File Edit Wiew Favorites Tools  Help

P Back ~ = - | ‘Dhsearch [YFolders £4 | = QE =0 o | F
Address | G:\my_docsiproe_files\CAPES_import

MName | Size | Tvpe |
CF'.F‘ES 072103 a 1.5TF 2,099 KB 5TP File
Fibernticscenterctructure.sat 157 KB SAT File

4
2 object(s) 2.20 ME

ii. Check the file size of the file you are trying to import. If it is a zero length
file or the file is larger than you would expect, there may have been an
error creating the file.

1ii. Some translators are version specific. Check with software manufacturers
to assure what versions will translate.
iv. Surface geometry may require some repair after translation. Suggested
technique for fixing surfaces can be found at ptc.com.
3. Exporting
a. Exporting ProE files — Several CAD applications have embedded translators that
allow the software to read ProE data directly. When using Intralink to manage the
ProE data, use the following steps to make the files available for use by another
program:
1. Save the current session of ProE.

ii. Open a Workspace Browser.

iii. Select the files you wish to export and click Export to then Disk... from
the Object pull down menu.
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o 2]
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iv. From the “Export to Disk” dialog box select Required for the
“Relationship Types:” and browse to select the target folder.
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M Fxport To Disk

Full Path:

|D:1m3.r_d|:|calprne_ﬁleslcapes

Folders

_l A

_l oy

(SR oA

F-_ | MSC Software

=4 ry_docs

=4 proe_files
-] proi

-] afd_floar

: _| berg

-] Break_Test

-] Calipso

-1 ssys_rmodel_stand

]GOS

=~ ] Flight_Ruddervatar

=

|»

Delete

Rename

Refresh

Horme

Felationship Types: |Required

v. Click OK.
b. Exporting Using Translators

1. To export using translators click “Save a Copy...” from the File pull
down menu. The “Save a Copy” dialog box will appear.
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ii. Enter the “New Name” for the model to be exported and select the “Type”

of files you wish to save. Click OK.

P Save a Copy

Look InI C3 proe_files j | EFl @l

T
liza

mizc

pro_batch
zahdy_battorns
zays_ 124497241
shart_files

temp

bErnp_ s

test

trail

hi pa- 100. ig =
hpe-100_2.10s

LooDoDoDoDDDDO

Madel Namel HPS-100.0FW

New Mame |HPS-100_2

Tupe | IGES [~igs)

i« &S

Cancel |

iii. The “Export IGES” dialog box will appear. Select the feature types you

wish to export.

iv. Use the default coordinate system whenever possible.
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v. Click OK.
% ExportiGes x|

— E=port

[ Solidz
[T Shells
v Datum Curves and Paints

Customize Layers. .. |

Quits... |[aLL =l
Coordinate System
Fﬂl Default j
(] I Cancel | Ophionz.... |

c. Exporting to STL
i. From the File pull down menu click Save as Copy...
ii. The “Save as Copy” dialog box will appear. Enter the “New Name* for
the model, and select STL (*.stl) for “Type.” Click OK

M Save a Copy

Lu:n:uklnllil Calipzo j £ |

Madel Namel 12451055 PRT

New Mame |1245105-5
Type [ STL (=5t

Cancel |

4 o
'.il
=
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1il.

When the “Export STL” dialog box appears, enter 0 for the “Chord
Height,” 1 for the “Angle Control,” and click OK. (Note: The “Chord
Height” field will be replace by the minimum acceptable value.)

% Export STL x|

— LCoordinate Suzstem

ill Drefault j

— Fommat
" Binamy  ASCI

¥ &llow negative values

— Deviation Caontrol

Chaord Height: IEI
Angle Cantral; |1 00ao0a

— File name

[ 12451055

k. | .i'-.ppl_l,ll Ear‘u:ell

4. Interfacing with other stations — Importing and exporting data between the different
disciplines of a design team often requires a third party or intermediate translator. The
following is the interfaces between Mechanical CAD and other stations used in the
development of the CAPES pilot.

Optical — Geometry was imported into ProE using Asis(.sat) and IGES (.igs)

a.

b.

NASA Langley IDC Operating Manual (Vol 2)

formats. IGES was used for curves and optical rays.

Structural — Geometry, mass, and CG information from ProE to Patran using
translators imbedded in Patran.
Thermal — The primary path of information from mechanical design to thermal is
through Structural. Some geometry was transferred from ProE to Thermal

Desktop using STEP and IGES translators.

Orbital — Geometry and mass information was exported from ProE to STK using
IGES as a translator.
Fabrication

i. For NC machining, 3D Geometry can be imported directly into
Unigraphics from ProE using an embedded translator.

For plastic prototyping or casting, a 3D model can be exported using STL

1.

1.

iii.

1v.

format.

For water-saw cutting, silk-screening, and other 2D processes, geometry
can be exported from ProE using DXF and IGES translators.
All information from Engineering to Fabrications will be documented on a
detail drawing. Detail Drawings will include the following information:
1. Geometry definition — if part is not dimensioned of drawing the a
note for the electronic file will be included.

2. Materials definition

-14-
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nhkw

Heat or chemical treatment
Tolerance information
Inspections and Special Operations will be conveyed on a FIOS

(LaRC form 136)

Thermal Station — Best Practices

Guidelines for selection of thermal analysis tool

These are general guidelines. There will always be cases where a different method will be used
for reasons of experience, previous history, collaboration with other entities, etc. However, these
are rules to consider when selecting a tool at the initiation of a modeling effort. Many analyses
will be a combination of two or more of these analysis types, so several tools may be used.

Analysis characterization Tool Comments
Recommendation

Part or assembly geometry exists | PATRAN Thermal | Import geo directly from Pro/E

in Pro/Engineer. No orbital

influence. No complex fluid

flow. No MLL

Problem largely influenced by CFDesign Import geo directly from Pro/E

complex fluid flow, speed less

than Mach 5.

Problem largely influenced by Thermal Desktop / | Import geo as STEP or IGES from

orbital (solar, planetary and RADCAD Pro/E. If suitable NASTRAN mesh

space) radiation. exists, import that instead.

Problem includes large amount Thermal Desktop / | MLI application, modeling and

of MLI that is the principal RADCAD visualization is much easier in Thermal

influence on performance. Desktop than in other tools here.

Problem largely influenced by PATRAN Thermal | Currently, aeroheating interpolation

aeroheating of hypersonic flow. code exists in moderately robust form
in the ulib for PATRAN Thermal.
However, it is possible that we will be
able to incorporate this functionality in
Thermal Desktop in the next several
years.

Problem largely influenced by PATRAN Thermal | Currently, we have modified Patran to

ablation. incorporate ablation using CMA within
PATRAN Thermal; however, display is
not functional. A simplistic ablation
capability exists within Thermal
Desktop (ABLATE).

Ultimate performance is PATRAN Thermal | Transfer of thermal map to NATRAN

dependent on thermal stresses. or Thermal Desktop | mesh is simple and well-tried in both

these tools (unknown if this is smooth
CFDesign).

NASA Langley IDC Operating Manual (Vol 2)
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Analysis characterization Tool Comments

Recommendation
Simple model with less than 10 SINDA, TAK2000, | Manual model building is clumsy and
nodes is all that is needed. Thermal Desktop can be error-prone for models larger

than 10 nodes.

Short Guide to Thermal Desktop

In Patran you usually start out by following the order of radio buttons, geometry, elements,
Loads/BC'’s etc, although you can go in any order you like. You can do the same in Thermal
Desktop, although it may be easier to go in the following order just because of the way TD is set

up:
TIP: If you are looking for something specific, use the search feature in Word to find a term.

1. Defining Materials and Radiation Groups
Build Geometry using thermal surfaces, or simple solids (I would make sure you
make lots of layers for each type of thing your including in your model. Its hard to select
“types” of objects in TD individually. Complex solids are difficult to do in TD. If you
have the time, you can create individual nodes and elements in 2-D and the
extrude/revolve or whatever into 3-D elements. If you do this make sure you check the
“delete planar elements” box to get rid of the 2-D surfaces which may cause problems
when you try to solve. You can also create AutoCAD Surfaces and then convert them
into FE’s. This is explained in the creating Geometry section.)
a. Create any Boundary Conditions or Loads (You do not need to create radiation
BC’s as will be explained. Radiation is automatically taken care of from any
object that has been assigned an optical property. I do not know if there is a
convection option or not, however you can make fluid flow networks that absorb
and transmit heat.)
Model Checks
Set up solution control and run solution
Post Processing
MISC. Features of AutoCAD that are Useful to Know
a. Viewing, Geometry size, and other Prefs.
b. Layers
c. Modify Menu
d. Model Infrared or Solar Heat Lamps

SNk W

The rest of this document will go through the above steps in detail.
1. DEFINING MATERIALS AND RADIATION GROUPS

You may want to set up a template file to save your viewing preferences, whatever they
may be. I am not sure if you can set defaults or not, but every time you make a new file all

viewing settings will be reset to TD’s defaults.

Define your Materials:
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1.

Thermal — Thermophysical Properties — Edit Property Data. A dialog box will appear.
This is where you create your materials. Type a name for the material in the “New
Property to Add” box (unlike Patran you may use spaces, so don’t worry about
underscores). Click add (note: do not press enter, this will select the ok button, the
dialog box will close, and the material will not be created). Fill in the properties of the
material (note: double clicking in a text box will bring up the symbol manager form, it
will not highlight the number like normal programs, which is aggravating). You may
enter temperature dependent properties if you want by clicking the “edit table” button
next to each of the input boxes (you also must select the “Use Table” check box next to
the button). There is not a spreadsheet in this form, just enter your points separated by a
comma and press enter, i.e. 0,3.5 “enter” 10,4.5, etc. A graph will appear on the right
hand side to give you a visual aide of what you are inputting which is nice. You may also
select isotropic or anisotropic in this dialog box.

If there will be radiation in your model, Thermal — Optical Properties — Edit Property
Data. In the “New Property To Add” box, enter a name for your radiation property, you
may enter the same name you did for a thermophysical property, so if you wanted to call
both steel you can. Otherwise you may call it some kind of paint, or whatever it will be.
Click the add button. This will again bring up properties for radiation, and again you
may put temperature dependent properties by clicking the edit table button next to each
text box.

You may also want to create multiple radiation groups. This will allow you to have some
objects that will not see radiation from another object, or will not radiate to another
object. You can create different groups by using the Thermal — Radiation Analysis
Groups... command. A detailed description of how multiple groups are used can be
found in the Lamps section of this report.

2. BUILD YOUR MODEL

There are 2 ways to create your models: If you are making simple 2-D objects, like using

shell elements in Patran, you can create thermal surfaces. If you wish to create complex 3-D
solids, you will need to use finite elements. Both methods are described below

Using Thermal Surfaces

1.

2.

Select the type of surface you wish to create from the toolbar, or from Thermal —
Surfaces/Solids.
TD surfaces have kind of a strange input for creating them in your workspace. Each
object has its own coordinate frame, and you must align this frame with the global frame
to create the object. The following steps show how to create a square or rectangle:
a. Pick the thermal rectangle icon on the toolbar
b. The first prompt on the command line is “Origin Point” which defines the first
corner of the rectangle, pick one from the screen or enter it. You may supply only
x and y coordinates if you wish, you do not need to supply a z unless necessary.
What is shown in the <> brackets are the default; leaving the command line blank
and pressing enter will use this value. Press enter when you have entered your
point.
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c. The next prompt is “Point for +x Axis and x-size”. This asks you to define the x
axis of the rectangle with respect to the global coordinate system. By default, the
x axis is along an edge of the rectangle, the y axis is along the other edge, and the
z axis is normal to the surface. If you wish the rectangle to be in the x-y plane,
and its x axis to line up with the global x axis, and your origin is at 0,0,0, you pick
a point on this line, i.e. 2,0,0. If you wish to use a displacement from your origin
point, simply put an @ in front of your point, so @2,0,0 will set the second corner
2 in the positive global x direction away from the origin point, and none in the
other directions. Press Enter.

d. The third prompt is “Point to set XY plane and Y-size”. Here you enter a point
for the third and final point of the rectangle. Again you can use the @ sign for a
displacement from the second point. Press Enter

e. When you press enter a dialog box will appear. You should go through each tab
to set up the thermal properties:

1. Subdivision. This is where you enter the amount of nodes in your
rectangle (or other thermal object). Centered nodes will put the nodes in
the center of the elements. Edge nodes will put them at the edges. You
must use Edge nodes if you are planning on having conduction between
different surfaces (use centered nodes if you are planning on having a
contact resistance between 2 surfaces. In this way you can assure that the
nodes do not get merged). You then enter the the number of nodes you
want in each direction. I’'m not sure what the “list” option does

ii. Numbering. Here is where you set the node ID’s. If you choose a start
number, it will start numbering nodes at that number in increments of 1.
Be careful, by default the start number is always 1 whenever you create a
surface. This is aggravating because you will have the same node
numbers in different surfaces unless you manually change the start number
to be one more than the last node number in your previous surface. If you
don’t care bout specific node number this is ok, you can just renumber
nodes before you run your analysis, or any time you like (explained later).
Sometimes you want a surface to contain nodes of all the same number
(when making heat lamps for example). The only way I know to do this is
to use the list option instead of the start ID option, and input a list of the
same number for however many nodes are in your surface. If there are a
lot of them, you may want to create a list in Excel or Word and paste it in.
You can have the back and front sides of the nodes labeled differently if
you wish by unchecking the “use same ID’s on both sides” box (possibly
useful for radiation models, however I don’t know how to coat each side
individually with an optical property).

iii. Radiation. In this tab you set the radiation properties of the surface. First
you need to assign this surface to specific radiation groups, this means
basically that the object will be able to see radiation from these groups.
By default, there is only one available model called BASE. If you wanted
to have separate groups so that certain objects do no radiate to each other
you can do this by Thermal — Radiation Analysis Groups... Here you can
create new groups or copy current groups (see the Lamps section of this
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report for a clearer understanding of this). Double click on the Radation
Group you would like to add the object to. A dialog box appears allowing
you to select in which directions the surface will radiate. “Top/Out” will
set radiation in the positive z direction, “Bottom/In” will set it in the
negative z direction, Both does both, none does none, and “not in analysis
group” is used if you do not want this object to see radiation from this
group. Once you have selected your radiating direction, hit ok, and next
select what optical property you want each of the sides to have. If you
leave it as “Default” Thermal Desktop takes it to be a black body.

iv. Cond/Cap. In this tab you set your thermo-physical properties. Just keep
the “generate nodes and conductors” checked, and make sure you are on
“main” and “based on material property”. There is also an Arithmetic
node option if you want zero capacitance. In the material drop down list
select the material that you want. The thickness text box is used to input
your surfaces thickness (same as shell thickness in Patran for 2-D shell
elements). In some cases you may not want conduction to take place in a
body; something that you don’t care what its temperature distribution is,
only that it radiates or absorbs radiation. In this case you can uncheck the
“generate nodes and conductors” box.

v. Contact. This tab is used to make contact resistances on your surface.
You can make them on the top or bottom of the surface, or along an edge.
Remember that for an edge, the x and y coordinates are for the surface x
and y coordinates, which may or may not correspond to the global
coordinates.

vi. Insulation. Can be used to put insulation on your surface. This is for
thermophysical insulation, not optical (I don’t think, there is nowhere to
put any optical properties on it, maybe it just takes the optical properties of
the surface)

vii. Surface. You can resize the surface if you wish
viii. Trans/Rot. You can translate or rotate the surface if you wish.

(NOTE: You can get back to this dialog box at any time. Select the
object you wish to edit, and click on the “edit thermal properties” Icon, or
use Thermal — Edit... sometimes you will select more than one type of
object (nodes and surfaces for example), in this case a filter box will
appear; select which type of object you would like to edit (nodes or
surfaces))

f. The preceding steps are similar for all thermal surfaces, they are created by setting
up their coord frame with respect to the global one, and then editing its thermal
properties in the dialog box that appears. (this is why it is easier to input all your
materials before you start drawing anything so that you don’t have to close the
dialog box, create a material, and then use the edit command to select that
material)

3. Renumber the nodes so that they are all individual using Thermal — Modeling Tools —
Resequence ID’s. 1f you do not do this step, it should be ok, when you run the analysis it
will ask you if you want to resequence ID’s if it finds more than one with the same
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number. Some times you might want a surface to have nodes of the same number (see
Numbering). You will also need to use the Thermal — FD/FEM Network — Merge
Coincident Nodes command if you have surfaces with edge nodes that will be conducting
to each other.

(NOTE: If you will be placing thermal surfaces next to each other that will be
conducting to each other, it is a good idea to make sure the nodes line up. If the do not,
the nodes will not merge when you use the merge command, and possibly only one node
may be merged REMINDER: you must use edge nodes for surfaces that will be
conducting to each other with no contact resistance)

Creating FE meshes

It is easier to create a 2-D mesh in Patran and import it into AutoCAD. But if you want to

do it in TD:

1.

Draw complex 2-D shape that you want using regular AutoCAD geometry commands,
shape must be broken down into shapes with 4 sides, and these sides must be individual
lines, but they do not have to be straight lines. Pretty sure surfaces must be congruent, if
they are not then you must supply equal x and y number of nodes in the next few steps.
Type surftabl and surftab2 into the command line to change the number of nodes in each
direction (explained in 4.)

Use “edgesuf” and pick all four sides of a closed surface you would like to mesh. The
first side you pick will have the number of nodes inputted into surftabl, and the second
side you pick will have the number of nodes inputted into surftab2.

In order to select the same side for a new block, you need to create a layer with only
mesh, make it active, and turn it off. This will put all the created mesh into this layer but
they will not be visible so that they don’t cover up the geometry. If you do not do this
you can’t select geometry that has mesh on it. (probably another way but I’'m not good
with AutoCAD commands, see Layers for help with layers)

Once all the grids are done use the Thermal — FD/FEM Network — Convert AutoCAD
Surface To Node Element and select your entire model. Press enter and the standard
thermal properties form will appear. This has created a FE nodal network like Patran’s
mesh command does.

Merge coincident nodes using Thermal — FD/FEM Network — Merge Coincident Nodes.
Once a 2-D shape has been created in this manner, it may be extruded to 3-D if needed
using one of the “Extruded” options in the Thermal — FD/FEM Network menu.
Renumber the nodes so that they are all individual using Thermal — Modeling Tools —
Resequence ID’s. If you do not do this step, it should be ok, when you run the analysis it
will ask you if you want to resequence ID’s if it finds more than one with the same
number. Some times you might want a surface to have nodes of the same number (see

Numbering).

Note: This process takes quite some time to complete. You must remember how many nodes
you put on each side of each 4 edge surface you mesh. It is also a pain to keep turning the active
mesh layer off and on to see what you’ve drawn. To make it easier you can import mesh from

Patran.
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REMEMBER: Once you have created your geometry using either method, you should
always use the merge coincident nodes command, and the resequence ID’s command as
described above. It is not critical to renumber ID’s because it will ask you if you want to do this
when you run the analysis, but it is a good idea if you have a surface that has a multiple nodes
with the same number that you would like to keep that way. The resequence command lets you
select only the surfaces you want to resequence, while the option during the analysis run will
resequence all nodes.

3. BOUNDARY CONDITIONS AND LOADS
This section will describe how to add BC’s and Loads to your model one by one.

Fixed temperature condition
1. Select the nodes whose temperatures you wish to fix.
2. Click the Edit thermal properties icon or use Edit under the thermal menu.
3. Check the “Override Calculations by surfaces and Elements” check box.
4. The shadowed options will become available. Select “Boundary Node” and then input
the temperature you want into the “Initial Temperature” text box. This will keep the
nodes fixed at that temperature throughout the analysis.

Heat Loads
1. Thermal — FD/FEM Nodal Network — Heat loads on ... where you can select on
surfaces, on nodes, or on solids.
2. Select whatever it was you wanted to apply the load to.
3. A dialog box pops up, enter the value for the heat load, and choose whether you want it to
be a flux, or absolute. You can only use flux on a surface as there is no area associated

with a node.
4. Click OK. Red arrows will appear indicating the direction of the load and what it has
been applied to.
Conduction

Just a reminder here; you must make sure that any surfaces you wish to conduct between
are built with edge nodes. Also make sure you use the Thermal — FD/FEM Network — Merge
Coincident Nodes command before running your analysis, other wise surfaces will not be
connected. You should verify that your element boundaries before starting a solution (see next
section, Model Checks)

Convection
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In order to create convection, you must go through the following procedure. Depending
on how many convection connections you have, the solution procedure can be very slow.
Convection seems to slow down the solution more than any other type of load or BC.

1. You must first create a fluid lump, this is the same as creating a fixed temperature node in
patran for your convection condition. You can do this using the Create Lump icon on the
far left toolbar, or by Thermal — Fluid Modeling — Lump.

2. Next, you must tie the lump to either the nodes or surfaces you want to convect to. There
are icons underneath the create lump icon to tie to one of these two items. Or Thermal —
Fluid Modeling — Tie to node/tie to surface.

3. Next you must edit the lump. Select it and click the thermal edit icon. Enter the fixed
temperature you would like the fluid to posses. In the “Type” section, select the “Plenum
(Boundary Infinite Volume)” radio button. There are other options here but I’'m not sure
what they are for. You can not complete this step before completing step 2. If you try to
do so, AutoCAD will say “no lumps selected” when you try to select the plenum lump.

4. Next click on the nodal ties that are visible, and click the thermal edit button. The “Tie
Generation Direction” should be set to “node to lumps”. Enter your heat transfer
coefficient in the text box; you can then choose absolute or per area. There are other
options, not sure what they do.

Radiation

Radiation is not controlled by adding a “condition”. Everything that you gave an optical
property and a radiating direction will radiate to everything in your model including space (as
long as everything is in the same radiation analysis group). You do have to make sure, however,
that the Active Sides of the objects are facing in the direction that you want them to radiate. If
they are not, they may be radiating the wrong way (see next section, Model Checks). There also
may be cases where the normals of elements of the same surface are not in the same direction
(not likely unless you delete a particular element then redraw it, or draw all your nodes and then
create elements manually). If this happens, you can use Thermal — FD/FEM Network —
Synchronize Element Normals. Click on the element that faces in the direction you want all the
elements to face. Next select all the elements you want to face that way. Press enter.

4. MODEL CHECKS

There are a number of options for checking your grid and surfaces, I only use a few that
may be helpful:

1. Show Active Surfaces — This is kinda the same as showing surface normals in Patran.
You can either use coloring or arrows. When you want a surface to radiate to another,
you must make sure that their active faces are pointing toward each other, it may be
easier to see with arrows. To do this, use Thermal — Model Checks — Active sides
Preferences... This will allow you to choose either color code, or arrows. Next choose
Thermal — Model Checks — display active sides. This will show the arrows or colors.
Turn off Active sides will hide them.

2. Show Free Boundaries. This is the same verify/element/boundaries in Patran and will
show you if you have any connectivity issues. This is under Thermal — Model Checks —
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Show Free Edges. You will have to select the surfaces you want, or you can type “all” in
the command line to select everything. The free edges will be highlighted in red.

There are many other useful options under the Model Checks menu but I have not yet
experimented with them.

5. SETTING UP AND RUNNING AN ANALYSIS

1.

2.

Thermal — Case Set Manager ... This will bring up the Case Manager, which is the same
as the Analysis radio button in Patran.

The default case is Case 0. You can add as many cases as you like by clicking the Add
button, each one will contain a specific solution, just like being able to specify different
names for different analyses in Patran. You can also specify the names of the files that
will be outputted.

Once you have created your case, highlight the one you want to run in the list and select
the Properties button. Go through all the Tabs:

a. Radiation Tasks. Specify whether you want to include radiation in your model. If
you do, select the radiation group you want to make active, click the Add button,
and then the Properties button. Go through the tabs in the dialog box that pops
up:

i. Control tab allows you to specify how many rays you will be shooting as
well as options that may speed up calculations. You can also specify
which nodes in the radiation group to include.

ii. Advanced Control tab gives you more options for speeding up
calculations, and lamp modeling options.

iii. Radk Output tab gives lets you rename the radiation output file names, and
lets you change the space node temperature. There is an option for
outputting radiation as heat rates which is used for modeling lamps.

iv. Spin tab, no idea what this does.

b. On the right side of the Radiation Tasks tab are options for the analysis. If rays
have already been calculated, you can use those for the analysis, create new ones,
or create new ones and include ones already created.

c. S/F Calculations. Here you set all your solution type properties. You can rename
the SINDA output files if you wish. You want to have all the check boxes
checked on the left hand side. Pick either transient or steady state (if you are
running steady state, make sure that you have 0 in both the start time and end time
of the transient options, if you don’t, there will be a warning after your solution is
completed; it doesn’t affect anything, it is just annoying trying to figure out where
it is coming from). In the Convergence Criteria section, you will want to increase
the Max iterations for steady state runs. If you don’t the routine will terminate
after whatever number is there even if it has not converged (it will tell you if this
is the case). For transient, 1000 seems to work ok, although a greater number
may be more accurate (solution time will increase greatly with higher numbers).
The Max Temperature Change and System Energy Level Balance boxes should
be reduced for complicated models, especially steady state runs. If you don’t
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reduce them, your steady state solutions may not really be steady state, more
energy will be entering then exiting (it will give you a warning if this is the case).
d. S/F Output. Control what you want to be outputted. Select an output increment
for time. You will only be able to view the solution at this time step interval for
transient runs. If you are running steady state, you will want to put 0 here. You
can change the name of the files that will be outputted, and below that, you can
change what data will be written in them.
e. All Other Tabs. No clue
4. Select OK on this dialog box. Check the “save drawing before running” box, and set the
Duplicate Nodes drop down box to “prompt if found”. This will allow you to renumber
the nodes if you have not already done so (in some cases you may not want to renumber
duplicate nodes; if this is the case, you can set this drop down to allow in model, or
simply click the Allow button when it notifies you).
5. Click Run case. The solution will proceed, and when it is finished it will bring you
directly into post processing mode at the first time step.

(NOTE: you can overwrite cases by simply hitting Run Case again with the same case
highlighted, you don’t need to make a new case if you don’t want to save what was in the
last one)

6. POST PROCESSING

General Things
When you run things in metric units, the post processor shows everything in Kelvin. You can

change your units to Celsius in the thermal preferences window.
Transient Solutions
1. Moving through time. You can go through time step by step by clicking on the icons that
looks like a contour bar and an arrow. It will go forward or backward depending on the
arrow direction. You can also select a specific time by clicking the icon directly above
them that looks like a pencil and a piece of paper. This will allow you to jump to a
specific time step.
2. Animation. You can animate your results by clicking the Cycle Through Time icon a few
down from the time step icons, its at the bottom of that toolbar and looks like a contour
bar next to a circle.

7. MISC. FEATURES OF AUTOCAD THAT ARE USEFUL TO KNOW

This section contains information on features that will help with creating, visualizing, and
analyzing your model.

Viewing and other Preferences:
1. Thermal — Preferences.
a. Units Tab. When you first start AutoCAD, it will ask you what units you want to
input. If you choose SI by accident, and you entered everything in English, you
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d.

Layers

can use this tab to switch to English. The “Don’t Scale Model to New Length
Units” if checked will do this. If it is not checked, the computer will assume you
were inputting in SI units as you stated when you started, and it will convert these
numbers to English (which is also nice if that is what you want to do).

Graphics Visibility. Here you can select what you wish to be visible on the screen
and what you don’t.

Graphics Size. Very useful, it allows you to change the size of objects displayed
on the screen. You almost always want to do this for nodes because TD displays
them pretty large by default, and it makes the display cluttered.

S/F Output. No clue.

Advanced. Also no clue.

Using Layers is like using groups in Patran. It will allow you to only display certain
things, which is very useful.
1. General Layer Preferences and tasks

a.

b.

Click on the format layer icon, or Format — Layers

In the window that pops up, you can create or delete a layer, or make a layer
current by clicking one of these buttons (you can also double click on a layer and
that will make it current). The white window displays a list of all layers. The sun
icon toggles visible/invisible, the next icon freezes/unfreezes a layer (freeze
means that the layer cannot be selected or modified or regenerated, use this to
speed up regenerations on complex models, otherwise it is not very useful), the
next icon locks/unlocks a layer (will display the layer but you cannot edit it,
although if a locked layer is current, you can add new objects to it), and the last
icon selects a color for objects in a layer. Next to the lock icon are options for
line style and line weight that may be used to further edit the display of objects in
a layer.

You select a few of the above options by using the layer drop down list on the
upper tool bar next to the format layers icon. This is a quick way to set the
current layer and turn layers on and off.

2. Adding Objects to layers and Changing an Objects Layer

a.

b.

d

To add an object to a layer, first create a layer, and make it current.

Any object you now draw will belong to that layer. If you want to put a new
object in a new layer, create a new layer and make it current.

You can change the layer a particular object is in by double clicking on it. This
will bring up an object properties form, with one option being layer. Simply pick
the layer you would like the object to belong to by choosing one from the
dropdown list.

I don’t think you can assign an object to multiple layers.

3. TIPS for Layers

a.

Start creating layers from the beginning. It will make it easier in the long run
especially for complex models. Remember, you can always change the layer a
certain object is in.

NASA Langley IDC Operating Manual (Vol 2) -25- Discipline Interfaces 7/14/2011



b. When certain things are created, like making FE models from AutoCAD
geometry (see Creating FE Meshes, #4) you cannot select things that the were
created on or over. To avoid this, you may want to make a new layer, and set it as
the current but turn off its visibility. By doing this, you can create whatever it is
you want, but it will not be displayed.

c. You can change the current layer while in the middle of an operation. You cannot
use the dropdown list however, and you must use the format layer icon next to it.

Modify Menu
The modify menu contains many useful tools for copying, translating, rotating and

anything else you may want to do to objects, similar to the “Transform” action in Patran. It also
has options for geometry manipulation like trimming, extending, fillet, etc., as well as change
properties of objects.

Model Infrared or Solar Heat Lamps
Thermal Desktop can be used to model heating lamps consuming a known amount of

power. This can be very useful to correlate experimental data to simulations. The following is
the step by step method used for setting up lamps.

1. Draw your model first. Next draw the geometry for the heat lamps at the location you
wish them to be. You can draw them to look just like the lamps you used, and put many
nodes, or you can simply use a single node if you want to. Making this simplification is
user discretion, but if you are using a long strip heater for example, you will want to
model nodes along the length, and not just a single node at the center. You also want to
specify the same node number for the nodes in the lamp. Make the ID’s large, so that
they are not the same as any other node in you model. You can do this under the
Numbering tab in the thermal edit window.

2. Create multiple radiation groups. The purpose of doing this is so that the objects defined
as the lamps will radiate to the other objects in the model, but they will not absorb any
radiation from those objects. If you have multiple lamps that you would like to radiate
from, but you do not want them to absorb radiation from any other lamp, you need to
create as many radiation groups as there are lamps (there will also be the BASE group
which is the default, and needed for the analysis, so you will have number of lamps + 1
groups really). To do this, select Thermal — Radiation Analysis Groups..., you may
either copy the existing group (BASE) or create a new group. Copying will keep all
geometry in the group, adding will create a group that has no current geometry in it. Say
you have one lamp and some model that it is radiating to. Create a radiation group called
“lamp” (you can copy if you wish) and hit OK. Select the model geometry, and hit the
thermal edit icon. Under the radiation tab, you will now see two groups in the “Analysis
Groups” section, the BASE group, and the LAMP group. For the model geometry, you
want both of these two groups to be active, meaning that it is radiating top/out, bottom/in,
or both. What this means is that the model will be able to “see” everything that is in the
model, including itself, so it will absorb radiation from the lamps and radiation from itself
(it will do this according to it’s the direction you picked, top/out, etc). Next select the
lamp geometry and click the thermal edit button. In this case, you want the lamp to see
only itself, and not the model. You must set the BASE model to “Not in analysis group”
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using the edit button. This means no radiation from the model will be absorbed into the
lamp. Now it is clear why you may want to make a radiation group for each of the lamps
in your model; if you put them all in the same group, all lamps will see each other and
absorb radiation from each other. I do not think that this is possible without separate
lamp groups, I tried doing multiple lamps with one group, and TD gives you an error
message.

3. Now that your radiation groups are all set up, open up the case manager. Create a new
case set or use the default, and click properties. Under the Radiation Tasks Tab, we will
create a bunch of tasks. In the Analysis Group drop down window, select BASE. Click
the ADD button. A new task will appear in the above window labeled as BASE. Double
click on this task, or highlight it and click the Properties button. This task will determine
how everything in the BASE group will be computed and outputted. Leave everything in
the control tab and advanced control tab as is. In the Radk tab, enter the space
temperature you would like, then hit ok. Now select LAMP from the Analysis Group
dropdown box. Click the Add button, then double click on the LAMP group that appears
above. In the control tab, change number of rays to 10,000 or 100,000 (can be anything,
your discretion, it makes better calculations). Under the Advanced Control Tab, make
sure the infrared check box is checked for modeling IR lamps, or solar is checked for
modeling Solar lamps. Under the Radk tab, enter the same space temp as you did in the
BASE group. Also check “Output as heating rates”. Click the edit button next to this
check box. Enter MAIN.#, where # is the node ID of the nodes in the lamp in the “from
node text box”. Enter the power consumption of the lamp. Choose absolute (this will
take the total wattage you give and distribute it across the area of the lamp surface) or
flux (watts/area) and then hit ok. Hit ok again. Repeat this process for each lamp group,
each time entering the specific lamps node numbers into the Output as heating rates
dialog box.

4. You are now ready to run the analysis. Set the remaining conduction properties in the
S/F Tab as you like and run the case (it is a good idea to reduce the default values in the
Convergence Criteria section of this tab for complicated solid models; except for Max
iterations which you want to increase to maybe >50,000). For info on how to do this see
the Analysis section.

General tips for Thermal Desktop

. Was very helpful in saving time to have a default TD file
set up, with material properties and layers already defined, before starting

. Slows process to have to wait for both Mechanical and
Structural

. Option of adding MLI in TD was a great time-saving
modeling option

. Manual twisting of radiator to define optimal position is
tedious but not too time-consuming (MDOB may be able to help)

. The thermal desktop nodes must be re-sequenced manually
after any operation that changes or adds node numbers.

. To resize the results display: post the viewport and click

the button to “Regen shade”. Then click the MODEL button at the bottom to PAPER.,
and you can move items in the display (spectrum, etc).
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. There is no way to display in m2 from a millimeter model.

. To rotate after a re-scale: In 3D rotate mode, right click,
click “more”, and click “zoom extents”. (so that center and rotate scale is set correctly,
and model doesn’t careen off the screen).

. To view the model from the sun: go to model checks and
“view model from”.

. To see orbit info, select the orbit in the orbit display and
type ‘list’.

. Run in a clean directory.

. To get rid of the annoying SDIMODE behavior where it

won’t close drawings, go to Tools...Options...System, uncheck “Single drawing
compatibility mode” and change to “Show traditional startup dialog”

Short Guide to MSC.Patran Thermal

1. You will need the PATRAN location (e.g., /mirror/msc/patranXX/bin) in your path. You
will also need access to the license or license server.

2. On UNIX, type "p3 &" (without quotes -- the & puts it in the background). On NT, just
start by double-clicking on a db file, or on the PATRAN executable.

3. Start a new database with a template that includes PATRAN THERMAL.

4. If necessary, set the P/Thermal analysis preference. If you are picking up a structural
model that was built from a NASTRAN only template, type "load pthermal()" in the
PATRAN window command line to load and set the P/Thermal analysis preference.

5. Determine what set of units you will use -- must be internally consistent, such as SI (W,
m, kg, K, sec), or English (Btu/hr, ft, 1b, F, hr). Units in all the following places must be
consistent:

= P3 model geometry length units -- as converted using the conversion
factor in analysis menu

* P3 model material properties -- either as manually input, or as read from
materials file defined in analysis menu. It will ask you for this file again if
you run P/Thermal by using patq option 4.

* P3 model calculation temperature scale

* P3 model boundary conditions

= TRASYS files, as converted (if used)

6. Determine your group naming convention (e.g., GEO_sidecap, FEM sidecap, are what is
often used in our branch to keep FEM and geometry separate).

7. Create or import geometry

o Ifyou import from Pro/E, see “General Tips for Importing and Meshing Pro/E
Geometry in PATRAN”

o If you import from a Pro/E assembly model, the parts will be placed in groups by
their part names (if you have the appropriate toggle switch on in Pro/E Options).

o If you import a Pro/ECAD model, see “Thermal analysis of electronics board in
PATRAN”

8. Define materials -- Note, you can see the materials' names by using the PATRAN
shareware thermal tool for viewing the materials library, but you cannot see the actual
properties from there. To see properties you have to view the text file (mpid.*) in
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/patran/p3thermal files/lib/. It's a good idea to check that the material property you are
going to use extends over the temperature range of interest.

9. Assign properties using your desired materials. Note: it is usually a good idea to assign
properties and boundary conditions to the geometry, so that you can re-mesh without
needing to change anything else.

10. Add boundary conditions for heating and temperatures, etc.

o

O

See section 4 of the PATRAN on-line help for specific examples.

Most often the wisest choice will be to assign BCs on your geometry, so a re-
mesh won't cause as much work.

For time- or temperature-dependent BCs, you can either use a field, or a time-
table within the BC, or define the MICRO function in an external text
micro.dat.apnd file. A warning for fields -- if you use the built-in micro-functions
to create your field (some of which are very useful), be VERY cautious about
using the Hermite polynominal interpolation -- it can do some radical mis-
interpretations of your data if you are not careful.

To add convection or radiation to 1D bars, see
http://www.mechsolutions.com/support/knowbase/PATRAN/tan/tan3251 .html
(external link)

11. Mesh and equivalence.

O

It is often a good idea to do all the material associations and BC applications
before you mesh, because you may find places that you want to break your solids
down to apply BC's, and if you have already meshed then you will have do delete
and re-do the mesh.

You can only use the IsoMesher (auto hex mesher) on "blue" (native) solids. Ifit's
a B-rep solid (imported from Pro/E) you need to use the TetMesher.

Don't equivalence two parts together if you have a contact resistance between
them.

It's a good ideas to make separate groups for each meshed part (e.g.

FEM_part name). Then you can have one group called All FEM for displaying
results etc.

If a solid won't mesh, try surface meshing the outside first (then you can delete
the surface mesh later).

If a surface won't mesh how you want, try mesh seeding the edges.

For PATRAN Thermal, you can only use the simplest element types (i.e., Tet4,
Hex8, Wedge6).

If you want a mesh to go across non-congruent geometry (such as two plates with
non-matching edges), you can associate (for example) the shorter edge of one
plate with the side of the other that it is touching. Then the mesh will run nicely
across the interface.

12. Check your BC's and materials on your mesh. This is important to make sure that your
BCs are applied where you want them, and that your FEM is truly associated to the base
geomety, especially if you have done anything fancy like re-associating FEM to solids.

13. If you need to add user logic, see the on-line help manual and create your own ulib file
from edited subroutines.

14. If necessary, make any modifications to the Default load case.
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o Currently, load cases are not fully available as an option for thermal analysis.
Only the Default load case is used. You can, however, create a hot or cold case by
selecting the BCs which go into the Default load case. For example, you can have
BCs for MinQ & MaxQ. The user goes to load cases & deselects the MinQ BCs
for the Max Q case & visa-versa.

o Something to note is that the PATRAN default is to add all BCs to the Default
load case, and to combine them using 'Add'. This means that any BCs that touch
at a boundary will be added together at that boundary. You can change this by
altering the BCs in the Load Case to combining in a priority order.

15. Run analysis using analysis form -- must have FORTRAN on the machine you are using.
This will create nr*.nrf.* result files.

o It is best when you are going to run an analysis if you started PATRAN in the
directory of the db you are going to run from. If you started PATRAN in a
different directory, then closed that db and opened the one you want to run from,
it will get confused about directory locations.

o If you have a micro.dat.apnd file you want it to pick up in the run, you must have
at least one field in your db (can be a dummy). It will pick up mat.dat.apnd and
template.dat.apnd automatically. It will also pick up a convec.dat.apnd if you have
one.

o In general, it is best to run in an empty directory so that files from older runs do
not get used. For example, if you have only one temperature BC in an early run,
and then delete that BC, the temperature BC file will still exist in the analysis sub-
directory, and WILL get used if you run again into that same sub-directory, unless
you go back manually and delete the files. Easiest is to always run in a new
directory job name.

o Ifyou ran a transient, you can check the times for each output step, even though
they may be binary files, by doing a 'more' on the file and looking at the time
definition at the top, which is in (messy) text format.

o If you are going to have a lot of runs, you can sort your result files into directories
with helpful names, and still be able to view them.

16. Read results and display using analysis/results forms. Use PATRAN Shareware utility for
pulling in multiple files.

17. If desired, create time-temperature plots using " Additional PATQ Utility Options " in
patq from command line.

18. If desired, edit qin.dat, mat.dat, template.dat, convec.dat, gap convec.dat, tfix.dat,
temp.dat, gbase.dat, etc. to alter variables, and then re-run using patq (from command
line), options 4 and 5.

Notes on operation:

s Analysis can be run from within PATRAN (graphical window), or in command line form
by typing 'patq' in a UNIX or DOS window
- NT:
o Run patq interactively by simply typing "patq" in a DOS shell
o Patq can be run in batch mode (although you can't close the DOS shell without
losing the run, you get the prompt back)
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Type "patq < patq.ses” where patq.ses (name optional) contains the
commands you would give patq manually

you can use a bash (UNIX emulator) shell if all you want to do is use
auxillary options in patq, but if you want to actually run the solver you
must use a DOS shell

you can set up buttons on your toolbar to start DOS shells where you
normally need to run jobs

You can stack multiple jobs in a command file and then type (for example)

at4pm "C:\AT patq.cmd"
where the time and command name and location are user options

NT notes for running with ulib FORTRAN:
o combine all u*.f files into ulib.f (can be done in bash shell using 'cat u*.f >

ulib.f)

compile ulib.f in DOS shell using 'ulib ulib.f' (makes ulib.lib)
place ulib.lib in in analysis sub-directory
run patq from within PATRAN into identical job sub-directory name or from DOS

shell

UNIX:

o To run patq in batch mode (so that that you can log out):

Type "patq & patq.log &" where:
* patq.ses (name optional) contains the commands you would give
patq manually
» patq.log (name optional) is a log file that will contain all the run
information
» the final "&" puts it in the background
If you want to run more than one job, you have to guess how long the first
one is going to take, and then use a command like:
(sleep 6000; patq & patq.log ) &
for the next run (where 6000 is the number of seconds you want before it
starts)

Including TRASYS orbital fluxes in Patran Thermal

1.

Do everything above up through meshing and checking.

Create a template.dat.apnd file to define your TRASYS (and P/thermal, if desired) optical
surface properties.

Apply the optical property templates to your surfaces. Make sure all the normals are
pointing the way you want the active surfaces.

Translate from P/thermal to TRASY'S model. This can be done either from within
PATRAN by choosing 'Output TRASY'S model' on the analysis form, or (perhaps easier)
from patq on the command line, once you have made a neutral file, by selecting to create
a TRASYS model, in 'Additional PATQ Utility Options.' In order to have the back
translation work correctly, all the files generated by the VIEWFACTOR run must be
saved (see P/thermal on-line help).
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5. Decide if you are going to use P/Viewfactor or TRASY'S for the radiation conductors. If
P/Viewfactor, you will have to run the analysis for that before executing P/Thermal for
thermal solution. If TRASY'S, you will need to import your TRASYS Radk's, and worry
about units for radiation conductors and the space node number in PATRAN (see notes
below, also in home analysis page).

o If you use P/Viewfactor to calculate Radk's, it may generate some huge files when
it runs, depending on the size of the model. If the model has been imported from
Pro/E, you may not be able to get around this by defining symmetry planes and
using similar tricks to simplify the radiative calculations.

o When running the TRASYS orbital flux subroutine QOCAL and calling
QODATA, the variable QOTYPE must not be 'BOSI' (giving solar and IR broken
out separately), but must be 'BOTH'.

o The translator currently translates any surface as a TRASYS 'POLY" surface type.
However, if the surfaces are actually regular QUADs, search-and-replace editing
can be used to change the TRASY'S model file to QUADs, which will cut solution
time appreciably. The results can then still be brought back into P/Thermal for
solution, or can be incorporated in the translated SINDA model.

* Any editor can be used to do the search and replace to change 'POLY" to
'QUAD'; if vi is used, it can be done with
:%s/POLY/QUAD/g

= Currently, vi can be used to remove the P4 line (which needs to be done
since the QUAD definition only uses three points)-- to do this (i.e., match
lines beginning with 6 spaces then "P4=" and replacing to the end of the
line, no matter what the rest of the line is):
:%s/" P4.*¥$/C/
(where . is a single character match, * extends it to any number of
characters, and $ defines that the match goes to the end of the line).
If you want to take out paragraph returns:
cat filename | egrep -v '"*C' > filename.out
(where this would take out all lines beginning with C from filename, and
leave the results in filename.out).

= The nedit editor can also be used.

o It'sa good idea to have TRASYS output results in the unit set you would like to
use in P/Thermal (using the factors in the RKDATA and QODATA lines).

o The P3Thermal TRASYS reverse translator treats TRASYS ambient (space) node
radk's differently than other surface-to-surface radk's. In the forward translation to
TRASYS from P3THERMAL each element number from PSTHERMAL is
multiplied by 10 as it is sent out to the TRASY'S input deck as a surface. If the
enclosure references an ambient node then that node is added in a comment card
at the end of the TRASYS input deck. When you create your operations block in
TRASYS you have three options with regard to numbering the SPACE node:

=< The preferred option is to use "0" as the default SPACE node
number; this will force TRASY'S to use 32767 as the space node number.
On reverse translation from TRASYS to P3STHERMAL there is logic in
the converter to detect incoming 32767 references and to convert those
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references to the original PATHERMAL ambient node number which was
included in the comment card.

Bah The second option is to hard code "32767" as the TRASYS
SPACE node number. The consequences are the same as option 1.
Bah The third option for numbering the SPACE node is to number it

the same as your ambient node ID in PATHERMAL multiplied by 10. This
will circumvent the 32767 logic and allow the reverse translator to strip
the trailing "0" without mangling your original PsTHERMAL space node
number.

2. Run TRASYS to generate orbital fluxes and radiation conductors (will get filename.bcd).

3. Run translation back from TRASY'S output to P/Thermal input using patq 'Additional
PATQ Utility Options'.

o The translator will take all values from your one file (filename.bcd). If you are not
working in Btu's, feet and hours, and you did not choose to have TRASY'S output
results in the units you are using in P/Thermal, then you will need to give the
translator the factors you would like to use. The translator divides TRASY'S heats
by the factor you give it, regardless of how the wording sounds. The time
multiplier you give it is used as a multiplier.

o You will get tramic.dat and tragma.dat for transient orbital heating, trqbas.dat for
orbit average heating, and trarst.dat for radiation conductors (if you chose to
translate them).

o It'sa good idea to check these files to make sure they ended up in the units you
wanted. Tramic.dat will have time vs. heat arrays, and trgbas.dat will have
psuedo-static heating averages. To check the files, you will have to find the
TRASYS surface(s) that relate to a particular PATRAN node. To do this, check
the TRASYS input file for the surface numbers relating to a particular PATRAN
node. Divide the heating on those surfaces to their respective nodes, and sum all
heating to the node you want to check. Then check that value from the P/Thermal
input files against what it was from the TRASY'S bcd file. In other words, check
that the heat on node X in the tramic.dat and trgbas.dat files is the same as it
should get from the TRASY'S surfaces it is associated with.

4. Run P/Thermal just far enough to create a qin.dat file. To do this, in the PATRAN
analysis menu, in 'Submit Options', select everything necessary in the first section, but do
not select 'Execute Thermal Analysis' in the last section.

o One nicety is to create two qin.dat files, one for transient runs (say,
qin_transient.dat), perhaps with a restart file name defined, and one for steady-
state runs (say, qin_static.dat). You can do this by hitting Apply in the analysis
form twice, each time with the parameters you want. However, you must re-name
the first qin.dat you create before you hit Apply the second time, or the first
qin.dat will be overwritten. If you don't know the restart file name, you can just
put in a dummy name, as you will be able to edit it later. Make sure for the
transient run you define the start and stop times and print interval as desired.

5. Edit the qin_static.dat so that it ignores traqgma.dat and tramic.dat (comment out those
lines).

6. If desired, run the steady-state case to create a restart file you can use for the transient
run. (Normally, one would want to start a transient case from a steady-state result case in
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11.

order to get a realistic transient). To run, copy qin_static.dat to qin.dat. Run patq, option 4
then option 5. You must do this in the directory where qin.dat, your trgbas.dat file, and all
analysis files are located.

Edit the qin_transient.dat to change the restart file name to be the nrf file that was created
in the previous step (if necessary), and comment out the trgbas.dat line, so average
heating will not interfere with the transient heating array definitions.

Copy qin_transient.dat to qin.dat. Run the transient case (again, must be in the directory
where files are located). Run patq, option 4 then option 5.

Read results and display using analysis/results forms.

. If desired, create time-temperature plots using " Additional PATQ Utility Options " in

patq from command line

If desired, edit qin.dat, mat.dat, template.dat, convec.dat, gap convec.dat, tfix.dat,
temp.dat or gbase.dat to alter variables, and then re-run using patq (from command line),
options 4 and 5.

Alternate method:

Create a TRASYS file and run.
Use Excel macros to put TRASYS .bed output file in micro.dat.apnd format.
Apply boundary conditions to PATRAN model using MICRO number.

Thermal Interface with Mechanical/CAD Station

Parts will normally be pulled the CAD tool Pro/Engineer. A couple of simple actions in Pro/E
are valuable for the thermal engineer to know.

To open a part (prt) or assembly (asm) file, double-click on it (assuming you have Pro/E
installed).

To rotate, use middle mouse button.

To see as solid shaded, use solid shaded cube icon in menu bar.

If the part has more detail than you want to import into your thermal model, use the
suppress feature described below.

To export as STEP, use File...Save a Copy..and select STEP (.stp) format.

If you suppress features and then save as Pro/E or STEP format, the part you import will
not have the feature.

To Suppress features

Select a feature in the Model Tree or in the graphics window and right-click. A shortcut
menu appears.

Click Suppress. The selected feature and its children are highlighted in the Model Tree
and a Suppress message window appears. Note: You can also use Edit > Suppress after
selecting the feature.

Click OK to suppress the feature and all the children of the feature or click Options (if
available) and the Children Handling dialog box opens. Note: Once the feature/layer is
suppressed it will not appear in the Model Tree.
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To resume features

* Click Edit > Resume.

* Click on one of the following commands:
o Last—Resumes the last feature you suppressed
o All—Resumes all the features you have suppressed.
o Select—Resumes the selected feature.

Thermal Interface to CAD Using Thermal Desktop

This describes the interface between the Mechanical CAD station running Pro/Engineer, the
Thermal station running Thermal Desktop/RADCAD, and the Structural station running Patran
and NASTRAN.

Summary — you can pull CAD geometry in via ACIS, IGES and STEP — STEP is the most
robust. You can pull a mesh in from NASTRAN format, which can be created in Patran or
Pro/Mechanica. General geometry import from Pro/E gives you only surfaces that you cannot
immediately mesh — you have to snap native Thermal Desktop surfaces on to them to mesh. If
you want a fine mesh, the methods described under the sections “Importing from NASTRAN”
or “Importing Pro/Mechanica (NASTRAN) mesh of a Pro/E part” may be preferred.

Pulling in IGES

This pulls in boxes and flat surfaces nicely but doesn’t handle surface orientation. That has to
be changed manually.

* Set model to correct units for imported geometry (e.g. mm): Thermal, Preferences.
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Type igesin (Import geometry)
x

Look jn: | ‘=3 cad_files <] « @ o E-

%] capes_assy_asm.igs =] mid_fram_winnie.igs
8] capes_assy_mechsurf igs

|8] fts_bi.igs

8] mech_to_thermal_asm.igs

8] mech_to_thermal_solid.igs

o8] mech_ta_thermal_surf.igs

File name: | Open

Files of twpe: IIGES Files [*igs. *.iges) j Cancel

IGESIM, STEFIM Translations Options...

CADOCUME ~15RM 49851 AUSLOCALS 14 Temph
Help

il

Batch Litility I
v
Set options as desired (for surfaces, default options work fine)
Select desired file
This is too detailed on a curved surface....

” AutoCAD 2001 . 3DORBIT
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Set model back to desired units (e.g. m) (uncheck “Do not rescale model to new units”)

IGES solid pulls in nothing — use IGES surface files instead.
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This works well on flat simple surfaces (capes assy asm.igs):
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After bringing in the geometry, you have to go through the below process under “To make
Thermal Desktop surfaces” to make them into Thermal Desktop surfaces.

However, the surface normals will not necessarily all point the same way, so if you are setting
properties by side, or having surfaces active on one side only, this requires hand-work to change:

<” AutaCAD 2000i/Thermal Desktop 4.5 patch level 19 _[81x]
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Another method is to bring in mid-plane IGES surfaces as created by the structural analyst in
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After bringing in the geometry, you have to go through the below process under “To break
surfaces up” and “To make Thermal Desktop surfaces” to make them into Thermal Desktop
surfaces.

Pulling in ACIS

Set model to correct units for imported geometry (e.g. mm)
Type acisin or go to Insert...ACIS File
Set model back to desired units (e.g. m) (uncheck “Do not rescale model to new units”)

This pulls in solids and surfaces from a Pro/E file. You can save both part and assembly files in
ACIS format. (In Pro/E Wildfire Do Save a Copy...and pick ACIS (*.sat))

After bringing in the geometry, you have to go through the below process under “To break
surfaces up” and “To make Thermal Desktop surfaces” to make them into Thermal Desktop
surfaces. Alternatively, you can snap TD surfaces and solids to the imported shapes.

Pulling in STEP

This pulls in curved surfaces but makes them all triangle surfaces. Triangles cannot be meshed
more finely. Active surfaces appear to be all in same direction on the outside of a solid.
Set model to correct units for imported geometry (e.g. mm)
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Type stepin (Import geo) — pull in STEP 203 file from Pro (no difference between 214 to 203
setting in Pro):

x|
Look in: | i cad files j £ B3~

[#] mech_to_thermal_solid.stp
[#] mech_to_thermal_solid_203.stp
[28] mech_to_therrmal_surf.stp
28] mech_to_thermal_surf_203.stp

oo |
Files of type: | STEP Files [* stp, * step) | Cancel |
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Help
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Set model back to desired units (e.g. m) (uncheck “Do not rescale model to new units™)

After bringing in the geometry, you have to go through the below process under “To break
surfaces up” and “To make Thermal Desktop surfaces” to make them into Thermal Desktop

surfaces.
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To break surfaces up

Select everything
Modify... Explode (until you have surfaces)

If original model is not in desired units, easiest way will usually be to change unit sets at this

point:

Set model back to desired units (e.g. m): Thermal...Preferences, set length to “m”

(uncheck “Do not rescale model to new units”)

Export... to 3DS (3ds out)

Savejn:IDCAF‘ES j - @ 5 Miews v Tods v
o BASE . rcf
BASE-betaZ4-ReCptics.rch
BASE-hex1-RoOptics.rch
BASE-RcOptics.rok
BASE-sunsyncl-Reoptics.rch
BASE-sunsync-RoOptics. reh
cad_files
demo
demoz
MWASTRAN_mesh
run_with_temps
CAPES_initial 3ds
Elere step 203 exploded. 3d] j Save |
RedSpark 5 Files of type: |3D Studia [*3ds) j Cancel |

Select all (or type “all” at prompt)

ACI, chg Auto-smoothing if necessary

Close drawing
Open new drawing

(Change unit preferences if necessary — or change unit preferences before making the 3ds file)

Insert...3DStudio file
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Modify...Explode (all) before making TD surface

Then follow below under “To make Thermal Desktop surfaces”
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To make Thermal Desktop surfaces

Thermal...Surfaces/Solids...From AutoCAD surface
Select all
For single-sided, check “Use same Ids both sides”, then have active Top/Out
Give it thickness, material, optical material

Re-sequence Node Ids — make sure you have all elements posted so that all actually get selected

General notes on working with imported geometry

Convert surfaces/boxes in groups:
* Grab everything you want to be 2-sided surfaces with the same thickness, and convert
them together to TD surfaces.
e QGrab everything you want to be 1-sided surfaces with the same thickness, and convert
them together to TD surfaces.

If you need to grab several surfaces and change a variable on them that is not already the same
(e.g., you want to change them all to be single nodes, i.e. use the same node number for both
sides), then grab them all, do Thermal...Edit, and uncheck the box, then grab them all again and
then check the box.

Importing from NASTRAN

A preferred method in many cases will be to take the meshed geometry from the structural
station. This avoids all the manual steps of re-orienting surface normals, exploding grouped
geometry, creating Thermal Desktop surfaces, and meshing.

Importing from NASTRAN: Steps

Set model to correct units for imported geometry (e.g. mm)
Thermal...Import...NASTRAN

Check “Import FE Model as a thermal model” (default)
open 21|
Look jn: | =3l NASTRAN_mesh x| =k Ef-
_1BASE. ref

capes_pilot_whole_surf_rew, bdf
u:apesgilu:ut_whole_surf_rev_2.hdF

File name:  |oapes_pilat_whole_surf_rev.bdf Open I
Files of type: | bek fles(*bf] =] Cancel |

[~ Open as iead-only

A
Find desired NASTRAN .bdf file (may have to chg file extension)
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Set model back to desired units (uncheck “Do not rescale model to new units™)

If surface normals are oriented correctly in NASTRAN, and only one side is desired in Thermal
Desktop, this leaves all the active surfaces in the same direction. The model, however, can now
not be remeshed by the thermal analyst (which is true anyway for most imported geometry).
Thicknesses of surfaces come in correctly.

Calculations can be run on this imported model directly:
sl

fle Edt Wew Insert Fgmet ook Draw Dimepsion Modfy Window Themal el

I IR T L T Cmeiee S FE60Q (68 et QGO A®R L|wx("n.
= 5\ amunds _mesh. JST=T] et
s AR |
PN © =B
o O Node o #
oo |7
40 m
] ! +/|
| 6 o L
= E; 0.9 Oéf“ K2
2= s
=% 0.8 = ;‘:]
s
=} ol
| = =%
el — o7 HE
w8 =115
ke 0.6 | 2
= @l g —
ol I =
- 7 AL
# :’; o e b HH
2|5 " il -
== E
yila — " ® 0O
ey g
@ — 0z -
2 i
o 0.1 12
S
=
o —
<0
Fij to space
Commanc d -
Command
Comnand: ReEdithny 1 found =l
|connand [ T
[884.0718. 1473.4736 , 0.0000 | SNAP| GRID| ORTHO|[POLAR [OSMAP[OTRACK Ly T [MODEL

NASA Langley IDC Operating Manual (Vol 2) -44 - Discipline Interfaces 7/14/2011



It will be the easiest to work with the components if they are brought in separate files from
NASTRAN (Structural person can save as groups from PATRAN). To do this, make a new layer
for each part and make it current before the file is brought in (remember new items will only go
on the layer that is current). Then that entire part mesh will be on a single layer, which will
make display and selection by part much easier.

Importing Pro/Mechanica (NASTRAN) mesh of a Pro/E part

Open Pro/E Wildfire
Open part (or assy) file
Do Applications...Mechanica (you must have Mechanica installed)
Check on “FEM Mode” in the pop-up dialog box
Go to Thermal (can also do in Structural)
Select Mesh, Create, Solid (or Boundary), Start
It will create the mesh (check it or change it if you want to) -- it does only tet for solids
Hit close on the Check window
Do Analysis, FEM Solution, under SOLVER pick MSC/NASTRAN
Analysis: leave it on Structural
Element Shape: Linear (or can use parabolic)
Leave it on Output to File
Hit OK — it will export the NASTRAN mesh file as a *.nas file
Close Pro/E

[Note: In the past, you have had to edit the NASTRAN file to have each of the following lines
not carry over to a second line, but this is currently not necessary, e.g.:
$ Global Coordinate System of the model
CORD2R,1,0,0.,0.,0.,0.,0.,1.,
»1.,0.,0. ]

Open a Thermal Desktop file

Go to Thermal...Import...NASTRAN (make sure you set units first)
Select file by changing to *.nas files — pick your desired file

You have a meshed model!

Boundary conditions must be applied by using one of the filters to select element faces as
necessary, since you don’t have the base geometry.

Right now display of a complex model is pretty slow, but I think it will be better in Mechanical
Desktop or AutoCAD 2005.

Importing Nastran Bulk Data into Thermal Desktop: Lessons Learned

This section is courtesy of deborah.m.lemons@nasa.gov at NASA JSC.

Integrated structural/thermal analysis is facilitated by model sharing between disciplines,
particularly FEMs. Thermal Desktop is one of several thermal analysis programs that are
capable of importing finite element networks and converting them into thermal networks.
(Other such programs include SINDA/ATM, FEMAP TMG, and IDEAS TMG.)
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MSC.Nastran is a widely used stress analyzer whose FEMs, compiled in “bulk data” format,
are recognized by the Thermal Desktop translator. (Other recognized, but less-widely used,
formats include FEMAP neutral, IDEAS universal, and STEP-209.) Following a successful
thermal analysis in Thermal Desktop, temperature results for FEMs that are also used for
mechanical stress analysis can be fed back into the Nastran solver, thus closing the loop on
an integrated structural/thermal stress analysis.

During translation, network grid locations and many Nastran element types are retained.
However, due to inherent differences between thermal and structural analysis methods,
discontinuities are likely to occur when translating an FEM that was specifically created for
modeling mechanical stress. (In other words, certain modeling practices suited to mechanical
analysis do not appropriately treat thermal phenomena). Furthermore, because model
translators must struggle to support ever-changing technology, they suffer from a perpetual
need to become increasingly robust, seamless, and user-friendly. This report, based on user
experience, contains helpful information for addressing these kinds of difficulties
encountered upon importing Nastran bulk data into Thermal Desktop. The intent is to
promote correct and efficient translation and, ultimately, a better final product.

Getting Started

Analysts can increase the odds of a successful translation by becoming familiar with common
Nastran element types and bulk data entry formatting (see Reference 1). (Examples of
Nastran element types that are relevant to thermal modelers include CTRIA3, CQUAD,
CTETRA, CPENTA, CHEXA, CBAR, CROD, PSHELL, PBAR, PROD, PCOMP, PSOLID,
RBE2/RBE3, MAT[n].) Users should also refer to the Thermal Desktop User’s Manual
(Reference 2) regarding which Nastran element types are recognized, and which types are
deliberately altered during translation.

Armed with basic knowledge of both programs, analysts are advised to conduct a review of the
Nastran bulk data set prior to translation in order to learn which specific element types are
used and to identify potential translation problems. As will be discussed in this report, many
of these problems are more easily resolved up front—by editing the bulk data file—rather
than by editing the translated geometry within Thermal Desktop.

Analysts may also benefit from considering whether symmetry of geometry and environment
permit adequate thermal characterization based on a section (e.g. half) of the original FEM,
thus reducing labor and model size. Such decisions should be based on informed
consultations with designers and other structural or thermal analysts. Ideally, the original
model is truncated before translation via changes to the bulk data file; a modular
organizational scheme facilitates this process. (Owners of the Nastran model are best
equipped to perform the actual truncation at this point in the process.) Otherwise, unneeded
sections can be deleted from the translated geometry within Thermal Desktop, although this
method might be tedious and error-prone if the mesh is very fine.

Throughout this preliminary stage, analysts are encouraged to take advantage of ongoing
consultations with mechanical designers and the stress analysts who developed the original
model.
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Element Translation

Several of the Nastran element types that are recognized by Thermal Desktop represent
elongated shapes (CBAR, CROD, and CONROD). Thermal Desktop automatically converts
each of these “beam” elements into a linear SINDA conductor with one SINDA node on each
end. The analyst should carefully consider whether the new configuration is significant
and/or appropriate for a specific thermal model, then modify conductor and node definitions
accordingly. In many cases, it is acceptable to delete all instances of reconfigured beam
elements. However, the possibility exists that a beam represents a significant energy path,
and thus should be represented with a user conductor or some alternate configuration within
the thermal model.

Thermal Desktop does not recognize several potentially significant Nastran element
types. Because their omission may compromise the thermal model, analysts should carefully
consider whether and how to represent their thermal effects.

o CBEAM is an unrecognized element type, but has the same physical
configuration as CBAR, CROD, and CONROD; indeed, all of the beam elements are
thermally equivalent. If missing CBEAMs are needed for thermal reasons, they can
be retained by changing them into CBARs in the bulk data file according to the
formatting guidelines in the MSC.Nastran Quick Reference Guide (Reference 1).

o So-called “Multi-Point Constraint” (MPC) elements—RBE1, RBE2, RBE3,
RBAR, RSPLINE—and “spring” elements—CELAS1/CELAS2—are also
unrecognized by Thermal Desktop. These “connective” elements impose mechanical
constraints between planar elements, but their loss during translation results in a lack
of thermal coupling. Such breaks between adjacent planar elements in the thermal
network may not be readily visible; elements may appear to be thermally coupled
when they are not, with obvious thermal implications. The Show Free Edges
command in Thermal Desktop can be used to locate disconnected areas, and the
Merge Coincident Nodes option is one way to reconnect them.

o A CONM2 element, which is used in Nastran to represent a point mass with zero
mechanical load, is not recognized by Thermal Desktop but may contribute thermally
significant mass and/or surface area. Analysts should assess and, if necessary,
compensate for the thermal effects of CONM2 elements.

The Thermal Desktop translator does not recognize any Nastran bulk data entries in
“large-field” format. A large-field entry occupies multiple text lines in the Nastran bulk data
file; it is denoted by an asterisk appended to the end of the element type (e.g. CQUADA4*) on
the first line, then another asterisk at the beginning of the second line. If access to Patran is
available, the analyst select the small-field format option and re-output the bulk data file.
Alternatively, the analyst can examine the bulk data file for any large-field entries and
manually convert them to “small field” format according to guidelines in Reference 1.

Experience has demonstrated the possibility of unpredictable behavior by isolated planar
elements after translation. (Evidence suggests that this phenomenon may occur after the
thermal analyst has modified the original mesh within MSC.Patran.) For example, a bad
element may indicate an ambiguous Active Side definition for purposes of radiation modeling
in Thermal Desktop: the active side(s) as indicated by the Display Active Sides tool does not
agree with the element’s thermal model definition. Discoloration of the element’s surface in
comparison to other elements may also indicate a bad element. The impact of bad elements
on analysis results is unpredictable, so analysts are encouraged to visually inspect the model
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and use the Display Active Sides tool to identify bad elements that may need to be redefined
and/or re-imported in order to function properly.

Materials and Properties

Generally, the translation of property values (e.g. density) from Nastran to Thermal
Desktop is not reliable. Depending on how the material element is referenced by the Nastran
model (e.g. via property elements PSHELL, PBAR, or PCOMP), newly created Thermal
Desktop materials may take on zero or default property values after translation. The Color
by Property Value function is useful for visually detecting incorrect values such as density
and conductivity (of planar and solid elements only). The best way to solve discrepancies is
to determine the correct material compositions by referring to mechanical design
documentation and/or Nastran bulk data, and then create and assign the correct materials in
Thermal Desktop.

Thermal Desktop does recognize use of the Nastran property element PCOMP for
composite planar elements; the translator creates and assigns the material name P#, where #
is the Nastran PCOMP identifier (PID). However, thickness values of PCOMP elements are
not correctly retained, and property values of the newly created materials are erroneous. The
Color by Property Value function is useful for visually detecting incorrect thicknesses and
property values, after which the analyst may need to calculate thermally effective thicknesses
and/or properties and assign them accordingly.

Geometry

Experience has shown that planar elements may unpredictably, and incorrectly, translate
with zero thickness. The Color by Property Value function is useful for visually detecting
incorrect surface thicknesses. Thermal analysts can consult with designers and/or stress
analysts to identify correct element thicknesses, then edit the model accordingly.

Due to the nature of Nastran modeling, translated geometry may contain areas where
multiple planar elements are coincident in the same plane. This phenomenon is a product of
techniques that are valid for mechanical stress analysis, but that might compromise a thermal
model. Elements located in that same plane, but whose edges are offset, are detectable
within the AutoCAD interface by relatively close inspection. However, precisely
overlapping elements, whose edges line up perfectly, are virtually invisible; their coincidence
is apparent when the user selects what looks like one planar element, but the AutoCAD Text
Window reports the selection of two (or more) objects. Analysts should exercise great
caution when deciding whether to retain coincident elements, because their inclusion in a
single Radiation Analysis Group causes unpredictable and erroneous results during the ray
tracing process.

In order to achieve the desired orientation and location for the imported geometry in
Thermal Desktop, it may be necessary to first re-orient and/or re-locate the meshed model
within MSC.Patran. However, the process of creating new coordinate systems and/or
translating between multiple coordinate systems within Patran may introduce confusion as to
which system(s) will be referenced by the resulting bulk data set and by Thermal Desktop.
(For example, the inclusion of a CORD[n] element within the bulk data file may have the
effect of re-orienting or moving geometry upon importation into Thermal Desktop, so that
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the imported grid locations may not match the grid locations as printed in the bulk data file.)
Analysts are encouraged to verify location and orientation after importing geometry Thermal
Desktop, consulting References 1 and 3 as necessary.
[References:
1. MSC.Nastran 2001 Quick Reference Guide, MSC.Software Corporation.
2. Thermal Desktop User’s Manual Version 4.4, C&R Technologies, August 2001.
3. MSC.Patran 2001 Reference Guide, MSC.Software Corporation. ]

Summary of Useful Thermal Desktop Features

The foregoing discussions have made mention of several Thermal Desktop tools that are useful
for resolving translation problems. They are reiterated below.

. Show Free Edges: for locating uncoupled sections due to loss of elements during
translation

. Merge Coincident Nodes: for connecting uncoupled sections

. Display Active Sides: for identifying bad elements that may need to be redefined and/or

re-imported; for verifying consistent Active Side definition among adjacent elements

Color by Property Value: for visually identifying translated values of thermal model
parameters such as density and conductivity; for visually identifying translated element
thicknesses

Mesh with FEMAP

Another method will be to bring the geometry into FEMAP, mesh it, and bring that mesh into
TD.

Completing a thermal model and running it (see also “Short Guide to Thermal Desktop”)

Make layers for each component and the lump masses. Start with a file that already has basic
material properties in it.

Select each component (by layer if possible), change to top/out active only (or as appropriate),
add MLI, set thickness and material, set optical properties.

In order to add a mass node to each box (e.g., the electronics mass to be added to an electronics
box), the easiest way is to make a separate layer (so that display of these nodes and their
conductors can be easily suppressed). Then a node can be added for the additional mass in the
box. This node will also be the easiest to add the power dissipation to. The node may be created
in 3D space next to the box. If it is desired to have the node within the box, a line can be drawn
within the box, such that the mid-point of that line can be selected when the node is created.
Currently, no need for that is seen, so the node will be created external to the box.
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To create a node: Thermal...FD/FEM...Node or select the Node button:

-7 AutoCAD 2000i/ Thermal Desktop 4.5 patch level
FI|E Edit View Insert Format Tools Draw  Dime

|ozR» o |m2svoeson

Then a mass (and power) can be assigned to the node, by doing Thermal...Edit (drag over the
node to select it) for the mass, and the Thermal... FD/FEM...Heat Load on Nodes to assign a
power.

You can attach the lumps to a box, by clicking the “Node-to-Surface” conductor:

" AutoCAD 2000i/Thermal Desktop 4.5 pd
File Edit ‘iew Insert Format  Tools

I IERS -V EEE

=
o

&
Ereate Node-S:l:'F Cénd w1
3=
M/

If you want to select all or most of a box, the easiest way is to select to display only the layer the
box is on.

B ol

ire

You can select what sides of a box you want to choose by selecting a large volume, include the
surfaces you want, and choosing Thermal...Edit. Then when the Filter screen comes up, choose
Surface (to filter) and Other...Normal Parallel to Vector

Object Selection Filter: x|

Select Type to filter:

Surfaces/Planar Elermentz[532] — Additional Criteria:
Modes[E63)

Submodel;

|

kd aterial: I j
|
|

Optics:

Analyziz Group:

Other: Marmal Parallel To Yect i

Cancel Help

Then you can choose points to define the vector you wish to use.

Assign material and optical properties.
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Assign Multi layer insulation (MLI) on surface (as insulation) by doing Thermal...Edit if
necessary. (Create MLI as a material property by entering a non-zero value for the effective
emissivity specified in the material property. The effective emissivity will be used to generate a
SINDA/FLUINT radiation conductor between the surface nodes and the insulation nodes. If the
material conductivity and surface thickness are set to non-zero values, a linear conductor
between the nodes will be output. Normally you would set the thickness to zero so that only a
radiation conductor would be generated. The actual insulation/MLI SINDA nodes are not
represented graphically.) A special post processing check box can be used so that the user may
select to display the calculated insulation node temperatures on the model (See "Post processing
SINDA/FLUINT save files" on page 7-5 of the TD help).

Re-sequence Node IDs before running a case. Click on Resequence Node Ids button:

|EVT

|

HOSOIi}

[MODEL
|

ceperna.o| ot . [ Fpmunocan . Bt s | [WED @@ EF s and then type “all”, <Return> twice.

Make sure you have all elements posted so that all actually get selected.

Make sure units are correct.

Make sure you are going to run in a clean directory (if necessary).

Do Thermal...Case Set Manager...define a case, and run it. You can run Transient or Steady-
state (although steady-state will be somewhat meaningless for orbital), choose a default space
node, etc.

You can view results and click through the time steps, as well as selecting as single node (while
in post-processing view) and doing an X-Y plot on it.
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Thermal Interface to CAD Using MSC.Patran Thermal

This describes the interface between the Mechanical CAD station running Pro/Engineer, the
Thermal station running Patran Thermal, and the Structural station running Patran and
NASTRAN.

Import of geometry is much simpler in Patran Thermal — in general, simply import the .prt or
.asm file directly from Pro/Engineer. (Do File...Import, and select Pro/Engineer format).

General Tips for Importing and Meshing Pro/E Geometry in PATRAN

When an assembly is imported, each part is brought in as a separate 'group' in PATRAN. This
facilitates material and property definition by part, as well as meshing different parts separately.
Parts that are unneeded for the analysis can be discarded by simply deleting or not meshing that
group. For thin-walled or sheet metal parts, a surface geometry model can be built by importing
the mid-plane geometry from Pro. With correct standards enforced for development of the Pro
model, the Pro part file can be set up in layers, such that it is simple for the analyst to remove
layers of unwanted detail, such as bolt holes and fillets, before importing the part (see here for a
rough cut at Pro/Engineer standards).

Currently, only a tet mesh can be automatically generated on the imported Pro geometry of a
solid part, when the part is a solid trimmed geometry (quads can be automatically generated on
imported trimmed surfaces). To achieve an automatic hex mesh, the geometry must be re-created
out of solids. When several parts are imported together in an assembly, the trimmed geometry is
not treated as congruent between the surfaces of parts. Thus, the auto tet mesher will not generate
a congruent mesh across the part boundary. For thermal analysis, this has the advantage that the
analyst is forced to apply surface contact resistance between each part, and cannot ignore this
physical effect. Thermal contact resistances are simple to apply as a boundary condition, over
entire contacting surfaces or at desired points. For structural analysis the tet mesh not giving a
congruent mesh across parts can cause difficulties. Depending on how the load path between
parts is modeled, the tet mesh may require additional analyst labor and attention to the
boundaries.

Tips for Importing a ProE model into PATRAN

o Try this first:
o Select "File", "Import", "Model", "Pro/ENGINEER" and let Pro/E set the
tolerance. You can import either an assembly or a whole part.
o Ifno luck, try doing the same, but do "Pro/E Options", "Import Preferences", turn
the "Enable Tolerance Prompt" to "ON" (then say "NO" when it asks if you want
Pro/E to reset the tolerance)
o Try several global tolerance values to see if any bring in a good solid
o Try this if that does not import a solid:
o Attempt to create a b-rep solid and choose an imported model that has only a few
"bad" seams between the imported surfaces. Do "Create", "Solid", "B-rep" and
look for the gaps.

NASA Langley IDC Operating Manual (Vol 2) -52- Discipline Interfaces 7/14/2011


http://meweb/amsd/refs/pro_www.html

o Select "Geometry", "Edit", "Surface", "Sew" or "Edge-Match" to try and get the
edges to match up. You can select all the surfaces for the entries in both boxes
using Edge Match to try to sew all bad edges toegher at once. Also try surface
edge matching with "Point" option enabled for surfaces that are not co-aligned.

o Look at the surface normals and make sure they are all pointed the same direction
(outward).

o Try bringing in the IGES surfaces instead and do the Edge Match to create a Brep
solid.

o Ifitis difficult to see the un-matching edges, try surface meshing with triangles,
equivalence and look for free edges on the generated elements (Finite Elements,
Show, Elements, Normals)

o Isolate only the bad part or section in of a model and try to create the solid with
nothing else in the database.

o Ifall else fails:
o Try one of the following programs to clean up the geometry:

= Pro/Desktop (external link)

= CAD Fix (external link)
See this article (external link) for an interesting disucssion of the problems in

picking up clean CAD geometry.
Try using the STEP format out of Pro/E and import into PATRAN (using separate

module; may be able to get temporary licenses for a one-time use of the interface)
Send the ProE file and PATRAN database to MSC help line and beg for help

e Special Note:
o Ifab-rep solid was created and it looks incorrect because the shaded image shows

a hole or missing surface, try ignoring the hole/missing surface and mesh the solid
geometry anyway. Then look at the shaded mesh to see if the flaw still exists.
There is a bug in the shaded geometry image display section of PATRAN that
sometimes neglects a surface in display, which makes it look like there is a hole
where there isn’t.

If vou need a brick mesh on a white (B-rep) solid in PATRAN

o If'the model is axisymmetric:

o Create a surface on plane within solid -- mesh a surface and rotate to build bricks
o Ifthe model is extrudable:

o Mesh the surface and extrude (or sweep, rotate, etc.) to build bricks
o Then:

o Associate the FEM to the geometry afterward and check the associations to ensure
that all of the bricks have been associated to the solid. In particular, do a color
contour plot of any BCs applied on the surfaces of the solid to make sure they all
apply correctly. If not, you can try changing your global model tolerance, or you
will just have to apply a separate BC only on the FEM that was not picked up.

o Delete the surface mesh when done.

« If'the model is not amenable to the above, you will have to create a native PATRAN
solid (blue solid) from the white (trimmed) solid in order to be able to directly auto-hex
mesh it.
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General Meshing Tips in PATRAN

«  You can only directly tet mesh a B-rep solid (white solid)
« Ifthe solid won’t mesh:
o Mesh the surface with triangles (if trying to build tetrahedrons) and then try
volume meshing.
o Try above after equivalencing the surface mesh before volume mesh.
o Delete the surface mesh when the solid mesh is completed.

Make sure no other mesh is in the database.

Try another global model tolerance (less or more) and global edge length

Try "Transform", "Solid", "Scale" (or Translate) and set to .999 or similar. Mesh

the new solid and equivalence the new mesh, then remove the original solid.

o Try moving the solid away from the rest of the geometry, mesh it, and then move
it back (Group Translate option to get both geometry and mesh but both must be
in a separate group)

o Have Pro/E model made originally such that there is not direct contact between

parts.

For applying contact between touching parts, a good reference book for contact resistance values
is the Genium Thermal and Fluid Data Book series.

Structural Interface with Mechanical/CAD Station

Determine Units and Coordinate Systems

The Structural Station will get geometry from the Mechanical/CAD Station. The Structural
Station should confirm the units and coordinate system used in the geometry. This information
is important to set up the PATRAN database for the imported geometry.

Open new Database and Set Preferences

The Structural Station should confirm the units that the geometry is in and adjust the global
tolerances if necessary. This should be done as soon as a new database has been opened. Use
the top menu pick “Preferences, Global.”

The “Analysis Code” should be set to NASTRAN and the “Analysis Type” to Structural.
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If the units of the model are in mm, then geometric tolerances should be changed. This is done
under the top menu tip “Preferences, Geometry.”
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PATRAN will import a PROE Part or Assembly. The example shown is for a part file. If the
entire assembly is available, it should be imported. In order to determine that the current
revisions of geometry are being used, PROE Intralink should be used to access the model and to
place a working copy on the Structural Station. It is important for the Mechanical Station to use
the same coordinate system and point of reference for all parts on an assembly. This will insure
that when parts are updated, the new part (and not entire assembly) can be imported into the
working PATRAN database without the geometry being “lost in space.” The Structural station
can use PROE Intralink to track current revisions of each part of an assembly.

Examine Imported Geometry

Examine the geometry to determine how many solids and surfaces have been imported. Confirm
the units used in the geometry. In this example the units are mm. Determine the thickness of the
solid walls. Use the “SHOW Point Distance” option in PATRAN. This information will be used
to determine tolerances for the midplane generation and is also used as the thickness of the
property card of a shell element.
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Create Mid-plane Geometry

Create mid-plane geometry for each solid. There are two options for this procedure, using
automatic or manual. For simple geometry, use the automatic option to create all surfaces in one
step. It is important to choose an accurate value for the “Max Thickness” parameter on the
PATRAN form. The newly created surface will show up as magenta lines. If working with
mm, it may also be necessary to change the global tolerance.
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Mesh Surfaces with Paver Option

Once you have midplane surfaces then you can easily mesh with the paver option.
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Create Material

Material type used in the model is available directly from the PROE Intralink listing. PATRAN
Material Selector can be used for automatic input of material properties of common materials.
Properties of composite materials that may likely be used in the project can be researched in

advance.

This next picture shows the material data input form. “Manual Input” can be used as the method
choice or “Material Selector” chosen for automatic material data with the correct units. Shell

element thickness is determined from geometry.
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Determine the shell thickness from the solid geometry and create the PSHELL property data

records.

Determine Mass and CG information for each component.

Once the material properties and thickness have been assigned, use the “Mass properties”
calculation under the tools menu to determine a weight and cg. Compare this information to the

data from the CAD station.
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Check Shell Normal Directions

Check shell normal directions for each component in order to verify that they are pointing put.
This is the element orientation that the Thermal station requires. Use the edit element reverse

option if necessary.
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Structural Interface with Thermal Station

Output Bulk Data File for Thermal Station

Create a separate group for each component of the structure. Under the “Analysis” menu, select
“Analyze, Current Group, Analysis Deck” to create a NASTRAN bulk data file. There should be
separate bulk data file for each component placed in the directory for the Thermal Station.
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This picture shows the separate components color coded.

Update the Finite Element Model

During the design process, addition geometry will become available from the CAD station.
PROE Intralink should be checked for updates and new components should be imported. During
the CAPES project, the sunshade was designed after the initial bus and mirror geometry and was
an important for thermal analysis.

NASA Langley IDC Operating Manual (Vol 2) -65 - Discipline Interfaces 7/14/2011



File Group Wiewport Viewing Display Preferences Tools Help Utiities Tools+ PracOR ol
Hemon A6 s o060 @Q&)0 %% L& 5 b b gL 084 L s
]
By I ) =) @

Geomelry  Elements | loadsfBCs Materials Properties LoadCa... Fields  Analysis  Resuks  Insight ¥ Plob

[ capes_pilotr6.db - default_viewport - a_mirror - Group : alx|
Enfity Coloring and Labeling

" Entity Type

= Group

Target Group(s)

Render Style:

Wreframe ¥
Shade Colar:
[ Show Lakels
Laibel Fork Size: 10
Resel Cancel
Apply Al
E|
al o Iz
For Help, press F1
=il . | ® e L v m 4 m ¢ ® ® & | 3
1 » Sl EEE I
Page 13 Sec 1 1315 [at21" a7 cdl 55
Hstart|| | 1] & G @ @Ml{;s.‘JE .|g,JS.‘M.‘ {}F..‘S ‘ JD.lMc.‘@wl@w.‘@s.|§e.‘\jA.|!M.‘ jo.lj’H ‘g\]sl 3‘41.‘!,-1_, Bl ElcE = 1zoepm

Import Nodal Results File from Thermal Station (Thermal Desktop)

When thermal results are available from the thermal station, import them into PATRAN and
make plots of each nodal results file.

To do this:

In Patran, NASTRAN preference, do File...Import. Select Object: Model, Source: MSC.Nastran
Input. In File name box, change to *.dat (this is the file type created by Thermal Desktop).
Select the file desired. The TD results will be imported as a Load/BC in Patran, named temp.N.
To view, go to Loads/BCs and do Action: Plot Contours, Object: Temperature, and select the set
that was created on import.

It is helpful to place these plots on the thermal station in order for the thermal analyst to examine

them for correct interpolation, and for the thermal analyst to also place plots corresponding to
each nodal result file in the directory that is used to transfer data to the structural station.
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Create Fields

Use the result contour plots to create fields for each set of thermal data.
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Create Thermal Load Sets
Use the fields to create a temperature load for each case.
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Create Load Cases

Create load cases for each thermal case. In this example, a load case is created for a thermal
condition at 2500 sec with a sunshade. The boundary conditions are assumed to be the
approximate mirror mount locations. The case will be used to provide data to the optical station.
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Set up NASTRAN Analysis and Run Job

Set up analysis and run NASTRAN in order to calculate stress and deformations. In this
example, only the mirror is being analyzed. Deformations will be calculated to use as input into
the SIGFIT program. SIGFIT will calculate the Zernike polynomials required by ZEMAX (the
optical code used by the Optical Station)
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Import Nodal Results from Patran Thermal

In the Hyper-X program, once the thermal analyst completes the transient thermal analyses for a
given component, temperatures for each time step are provided to the structural analyst in the
form of “nodal results files.” These nodal results files (nrf) are binary files containing node and
temperatures data from the thermal analyses. The files are not directly usable by the structural

analyst

because the structural and thermal models are normally, if not always, different (different

mesh densities, for example). Therefore an interpolation procedure must be run in order to
transfer the thermal results onto the structural model. An outline of the steps involved is given

below:

N —

Obtain nodal results files from the thermal analysis.

Obtain a Patran thermal neutral file describing the nodes and elements of the thermal
model.

Generate a Patran structural neutral file describing the nodes and elements of the
structural model.

Execute the Patran Patq utility to interpolate the temperatures from the thermal model to
the structural model. Inputs are the thermal and structural neutral files and the nodal
results file. Output is a Patran neutral file containing the interpolated temperatures at
each of the structural nodes (one output file for each nodal results input file). Model
Center can drive this step.
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5. Either import the structural temperature neutral files into Patran and create load cases
corresponding to each thermal analysis time step, or write a translator to convert the
temperature neutral files into Nastran bulk data TEMP entries to include in a Nastran
bulk data file of the model. Model Center can drive this step.

6. Generate Nastran files for each load case and execute Nastran. Model Center can drive
this step.

7. Either import Nastran results into Patran and evaluate structural responses for each time
step to determine the worst case, or use Model Center to parse the Nastran results to find
and display the worst case.

Thermal Interface with Structural Station

Exporting Temperatures from Thermal Desktop to NASTRAN model

For this to work, the two geometries MUST be in the same locations and have the same units

Thermal...Preferences to set model to same units as NASTRAN model (e.g., mm) (uncheck
“Do not rescale model to new units™)

(Outside, within Windows, change NASTRAN node file extension to .dat if necessary)

NASTRAN model must have BEGIN BULK card, can have all info as well (temps, header, etc)

Thermal...Export.. Temps to NASTRAN model:

[ Active Assistanc x|
" AutoCAD 2000i/Thermal Desktop 4.5 patch level 19 3DORBIT by
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Pick the input and output file names:

Map Data to External Model x|

Masztran input file: -apes_pilot g2 da Browse... |
Dutput file:; IgE_dem::-.dat Browse... |

t apping tolerance: ID-'I m
2k, I Cancel | Help |

Remember to set back to desired units if necessary (e.g., m)

This will map all parts of the model, not just what’s displayed, so if you have a close part that is
a different temperature, it can affect the temperature output map. A quick work-around is to
create a dummy model file, and delete the offending part before making the mapped files.

Make an image file (alt-Print-Screen button) and put it in the same folder so that structural
person can use it to check how the temperatures came across. It may be best to set up a single
defined spectrum range so that all plots use the same spectrum and can be more easily compared
to the structural plots.

Exporting Temperature Results to Structural (using Patran)

Create results (nrf) files for the cases to be evaluated by the structural analyst.

Create a neutral file of nodes and elements only. May need to create multiple files if there are
elements that are very close to each other with very different temperatures.

Transfer to structural analyst for import as in section “Import Nodal Results from Patran
Thermal”

Importing Thermal Desktop model from NASTRAN

As described above, in summary:
Set model to correct units for imported geometry (e.g. mm)
Thermal...Import... NASTRAN
Looks for .bdf file (may have to chg file extension)
Set model back to desired units

Importing Patran Thermal model from Patran structural model (NASTRAN)

A complex assembly of Pro/Engineer parts, or a single part, can be imported directly into
MSC/PATRAN. The part is then meshed; structural analysis is performed using
MSC/NASTRAN, and thermal analysis is performed using either PATRAN Thermal, with
P/Viewtactor or TRASYS for radiation. These analyses can be performed from the same
PATRAN mesh or different meshes. If the analyses are done using different meshes, it is still
possible to derive temperature-driven structural deflections using interpolation of thermal results
from one mesh to the other.
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If the model is to be used by both the structural and thermal analyst, communication before
development of the model is extremely important. The analysts should discuss:

+ analysis code(s) to be used

« whether a record of the node and element numbers need to be kept for the thermal analyst
(and whether the numbers need to be sequential in either set)

« level of detail that needs to be retained from Pro/E model (bolt holes, etc.)

« appropriate level of mesh detail (and variation)

« whether to use solids or plates for thin-walled parts

« for radiation, which way surface normals should face

« for structural analyst, control and standardization of x, y and z directions of individual
elements

« how to minimize information which must be deleted by the thermal analyst

» how temperatures will be imported to structural model (and whether same mesh will be
used)

« units (dimension and temperature) -- note: dimensional units must also be worked with
the designer

Currently many of the informational fields in the structural model have to be deleted when it is to
be used for thermal analysis (depending on the model, this may include material fields, material
properties and boundary conditions). However, this deletion usually needs to be done only once,
and then the thermal model results can be used to apply a temperature field on the structural
model. Hopefully this will be improved in future PATRAN versions. A rough list of what needs
to be deleted is as follows, roughly in order (and this may need to be done in the NASTRAN
analysis preference):

 structural load cases and BC's

 structural fields (Spatial)

 structural properties and beam section definitions
« structural fields (Material Property)

+ structural materials - Composite

« structural materials - 2D, lamina, etc.

+ all MPC's

Structural Interface with Optical Station

Prepare NASTRAN bulk data file for SIGFIT

The Structural Station should coordinate with the Optical Station to determine coordinate
systems and lens prescriptions to be used for the optical analysis.

SIGFIT, a Structural/Optical Interface Code, is used to generate input for ZEMAX from
NASTRAN results. SIGFIT requires that there is a rectangular coordinate system located at the
center of the mirror vertex. In the CAPES project, a coordinate system was defined at the center
of each hex section vertex. This enables the mirror to be analyzed as either a system or as
individual segments.
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Use visual SIGFIT to generate SIGFIT input file

Choose correct units for NASTRAN and ZEMAX on the SIGFIT input form:
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[~ ¥isual Sigfit - Dptomechanical Analysis - |EI|5|
File Edit Help

O]e|d &=el @ 2
Editing C:%jpl2.sig ;I
Model T Surface 1 T [mpLat T Options T Adapt T Dynamics T D ptirrn T Output

—Analysis [Screen 1 of 2]

— Specity Analpsiz Type — Select FE Analyziz Program

it 1] L] -
Adaptive Dptice Swiface Comection INa$tran J
—Select FE Maodel Units

Harmonic Response Analysis

R andom Responze Analysis

Tranzient B ezponze Analpgiz -
Thermal OPD IMM J
Stresz OPD

Stress Birefringence —Select FE Graphicz Program
Wiite Zemikes as Mastran DRESP

Wiite Zemikes as Mastran MPC IF'atran j

— Select Ophics Analysiz Program

Disclaimer: Sigmadyne, Inc. | Zeman |
assumes no liahility or responsihility
ta any persan, company. or entity
for direct or indirect damages
resulting from the use of this |MM j

grogram.

— Select Optic Model Units

Mext » |

| [~ Shaw Surfaces Cantral Panel | Cancel I Save | =

4] | ®

SIGFIT reads the NASTRAN bulk data file to get the surface definition. Specify a full model.
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[~ ¥isual Sigfit - Dptomechanical Analysis

File Edit Help

=10} x|
Olw|@] & =el o 2

Editing I:\my_docs\capes_pilot'mirror.sig

Model T Surface 1 T

Input T Options T Adapt T Dynamics T Opkirnm T
— FE Model [Screen 2 af 2]

— Enter the FE Model File Mame with Extenzion

Output

D:wmy_docshcapes_pilothmirorSp_thermal bdf

Browse |

— Enter Type of Symmety in Model
f+ Full Model [Mo Syrametry Used)

£ Symmetric Modsl

<Previous | Meut = |

[~ Show Sufaces Contral Panel
4]

‘ Cancel | Save |

| *l .z
Element Property ID’s are used to indicate mirror elements in the NASTRAN bulk data file.
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[~ ¥isual Sigfit - Dptomechanical Analysis - |EI|5|
File Edit Help

D|W“r|ﬂ| $||E.| @| ‘?|

Editing I:\my_docs\capes_pilot'mirror.sig ;I

todel T Surface1T Input T

Options T Adapt

T Dynamics T Opkirnm T Output

— Define Surface [Screen 1 af 4)

Surface Label: |SMiEsEE3]

Optic Model Surface #: I‘l

— Select Surface Definition

£ Element Property I0's

{* Element ID Fanges

" Grid/Mode ID Ranges

1 [1765 through [4731 B [0 thraugh [0
2 ||j through |E| 7 ||j through |E|
3 |D through |D 8 |D through |n
4 |Ij through |E| & |Ij through |E|
5 ||j through |E| 10 ||j thraugh |E|

% Calc from Element Areas
= Each Grid Equal
" Read from File

— Select Area Weighting for Polunomial Fit

Select Area Weighting for Rigid Body

{* Same az Palp Fit
= Enter Property [D
" Read From File

Browse |

£ Previoug |

Mewt » |

[~ Show Surfaces Contral Panel

Cancel | Save | -

1

|

The area weighting is calculated from element areas projected on a flat plane with this selection.

SIGFIT requires that there is a NASTRAN coordinate system located at the center of the mirror
vertex. Input the NASTRAN COORD number on this form.
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[~ ¥isual Sigfit - Dptomechanical Analysis

File Edit Help

=10} x|
Olw|@] & =el o 2

Editing I:\my_docs\capes_pilot'mirror.sig

todel T Surface1T Input T

Options T Adapt T Dynamics T Opkirnm T
— Define Surface [Screen 2 af 4)

Output

Each surface must have a rectangular coordinate syztem at its vertex aligned with
the optics model

Select FE Model Coordinate System 1D: I?'

<Ere'¢inus| Mewt » |

[~ Show Surfaces Contral Panet
1]

‘ Cancel | Save |

|

The Optical Station furnishes the mirror prescription, including radius of curvature, conic
constant and aperture, which is used as input to SIGFIT.
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[~ ¥isual Sigfit - Dptomechanical Analysis - |EI|5|
File Edit Help
e ||| & %(@ @ 2
Editing I:''my_docs'.capes_pilot',mirror.sig =1
rodel I Surface 1 T Input T Optionz T Adapt T Dynamics T Ophimum T Dkt
— Define Surface [Screen 3 of 4]
Fadiuz of Curvature in FE Units: IS Conic Cnn$tant:|-1
Select Mumber of Aspheric Coefficients: IEI 'I
< Previous | Hewxt » I
| [ iShow Surfaces Contral Panet ‘ Cancel | Save | ;I
4 | ¢ 2

Continue with mirror prescription:
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[~ ¥isual Sigfit - Dptomechanical Analysis

o) x|
File Edit Help
e ||| & %(@ @ 2
Editing I:''my_docs'.capes_pilot',mirror.sig =1
rodel I Surface 1 T Input T Optionz T Adapt T Dynamics T Ophimum T Dkt
— Define Surface (Screen 4 of 41 -
— Sign Caonvention for Surface Aberration
" Surface Bump = +2 in Suface Coord Spstern € Surface Bump = -2 in Surface Coord System
—Angle of Incidence of Optical Beam for Flat Sufaces Only
ID Angle [Degreesz)] from £ Axiz in 2 Plane
||j Angle [Degreez] fram Z Asis in 2 Plane
r— Dutzide Clear Aperture Centered on Surface Coordinate System
¢ Mone [Use Full Surface] Digtance Center to EDGE [FE Unitg)
O Lol el Along % Asis: [1.5
" Rectangular/Square Along Y Awis: I‘l R
r Inzide Central Obstruction Centered an Surface Coordinate System
™ Mane [Use Full Surface] Distance Center to EDGE [FE Urits]
& Elliptic/Circular Along % s 15
" Rectangular/Square Alang Y ."-\Hi$:|.'| 5
< Previous | Hewxt » I
| [~ iShow Surfaces Contral Panet ‘ Cancel | Save | -]
4 | 2

Read NASTRAN results from .pch output file:
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[~ ¥isual Sigfit - Dptomechanical Analysis - |EI|5|

File Edit Help

O]e|d &=el @ 2

|»

Editing I'\my_docs'capes_pilot'mirror.sig

hadel T Surface 1 T Input T Optiohz T Adapt T Dynamics T Optirmunm T kit

—[Screen 1 af 2
— Select Tupe of Resultz Input [Defarmed Surface/Streszsete.]

— Enter Resultz Input File Mame

D:my_docshcapes_pilotsmirorSp_thermal. pch Browse |

— Specify Subcazes/Modes/Loadsteps To Be Used By Ranges On (DR
% Usze &l Cases in Data ~ Use Only Fanges Specified " Use Linear Combination

Scale Factor: 1.0

<Ereviu:uus| Hewut » I

| [~ Show Surfaces Contral Panel | Cancel | Save | ;l

4] | B

B

Choose correct options for ZEMAX, i.e. axial sag. CODEV or OSLO have difference
specifications. The Optical Station furnishes the correct value for wavelength of light.
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[~ ¥isual Sigfit - Dptomechanical Analysis - |EI|5|

File Edit Help

O]e|d &=el @ 2

|»

Editing I'\my_docs'capes_pilot'mirror.sig

hadel T Surface 1 T Irnpuit T Options T Adapt T Dynamics T Optirmunm T kit

—Analysiz Options [Screen 1 of 2]

— Subtractions Before Fittingnterpolationdctuation
f+ DoMNOT Subkract DO Subtract BFF and Poveer [Axial Disp]

= DO Subtract BFP = DO Subtract Only Power [Asial Disp)
¢~ DO Subtract BFF and Power [Momn Disp] € D0 Subtract BFF and RolC
= D0 Subtract Only Power [Marm Disp) = DO Subtract Only RaoC

— Select Surface Displacement Direction

% Surface Axial [2) Displacement " Surface Mormal Dizplacement

r Enter W avelength of Light in FE Model Units - [kbd]
3286 [HeNe light in hh) |

<Ereviu:uus| Hewut » I

| [~ Show Surfaces Contral Panel | Cancel | Save | ;l

4] | &

B

Choose the type of polynomial fit. HexaFoil is not available with the Fringe Zernike, so Std
Zernike is chosen for the CAPES Hex mirror.
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[~ ¥isual Sigfit - Dptomechanical Analysis
File Edit Help

=10l %]

O]e|d &=el @ 2

Editing I'\my_docs'capes_pilot'mirror.sig

|»

hadel T Surface 1 T Irnpuit T Options T Adapt T Dynamics T Optirmunm T kit
— Polynorial Fit [Screen 2 of 2]
— Select Palynomial Fit
" DoMOT Fit Polyromials
% Std Zernike through HexaFoil [M=8, M=F]
" BFF = BestFit-Plane  [M=1.M=1]
" BFP and Power Only - [M=2, M=1]
€ Std Zernike+ Extra-Spherical  [M=12, M=§]
" User Specified Std Zemnike M and k4
 Fiinge-Zemike/Zygo ko [37 terms)
™ Aspheric Poly - Even Only  [&5F)
" Aspheric Paly - Even + 0dd  [5PS)
™ % Polynomials
< Previous | Hewut » I
| [~ Show Surfaces Contral Panel | Cancel | Save | ;l
4 | 2
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[~ ¥isual Sigfit - Dptomechanical Analysis

File Edit Help

=10} x|
Olw|@] & =el o 2

Editing I:\my_docs\capes_pilot'mirror.sig

tdodel T Surface 1 T Input T

Options T Adapt T Dynamics T Opkirnm T Output
— Interpolation [Screen 1 of 2]

Select Interpolation D ata

Input Az Read
Input Modified
After Actuation

OFD from Temp/Stiess

<Ere'¢inus| Mewt » |

[~ Show Sufaces Contral Panel
4]

‘ Cancel | Save |

|

SIGFIT results can be interpolated back to FEM result for visualization.
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Choose outputs:

[ ¥isual Sigfit - Dptomechanical Analysis - |I:I|1|
File Edit Help
Uw|@| &[=el @ 2

Editing I:\my_docs\capes_pilot'mirror.sig ;I
todel T Surface 1 T |nput T Options T Adapt T Dunarmics T Oiptirmurm T Output

— Dutput Options [Screen 2 of 2]

— Optional Output Files
Iv' Output Modal Graphics Fils [wave Units)

¥ Output FE Displacement Flle [FE Units)
[v Dutput Optical Code Input File [Permrikes & Rigid Body)

— Select Tope af Coefficient File Output

Select Diagnostic Print Choice
= Do NOT Write Coefficient File {* Echa Input, Print Final Fesults
" Sart 1. All Coefficients and RS " ahove plus List Grids and Elements
" Saort 2. Bias. Tilk, Power, & RS ™ Above plus Displacements
= Saort 2. Al Coefficients, Sigfit Order " Above pluz Extra Diagnostics

f+ Saort1: ZRN/ZFR, Dptics Program Order
= Sort 3 ZRM/ZFR. Optics Program Order

£ Prewious |

Save | -

I~ Show Sufaces Contal Pane ‘ ¥
( | ®/

Save the file, mirror.sig. Batch SIGFIT can now be run to generate the input files for ZEMAX.
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Optical Design Process

Cesar Sepulveda
This is a basic outline of the optical design process performed at the Optics Workstation in the IDC. It is
in no way a tutorial, since that would require basic knowledge of optical theory, but is intended to give an
idea of the design process involved in developing an instrument.

Design Guidelines

While there are many optical design programs in use at NASA, we will concentrate here on Zemax™
(www.zemax.com) although the approach is similar for CodeV (www.opticalres.com).

Zemax is a powerful program that can be used for design and analysis. It employs the concept of a
spreadsheet in which all pertinent information can be dynamically entered and changed.

The main quantities in a lens prescription are: radius of curvature, thickness and the type of medium
that light propagates through. Any lens design is then a sequence of surfaces containing air, glass,
mirrors, etc. As an example, here is a prescription for a singlet lens (some parameters are omitted. In
addition, the prescription table shows curvature, that is the inverse of the radius of curvature of the
surface, in inverse lens units):

# Type Curvature Thickness Glass

0 STANDARD 0.0000000E+000 1.0000000E+010

1 STANDARD 5.7590644E-003 2.5000000E+001 LAK31
2 BINARY_2 -4.8598673E-003 1.2000000E+002

3 STANDARD 0.0000000E+000 0.0000000E+000

and here is a picture of that lens :

30 LAYOUT

POLYCHROMATIC SINGLET
WED NOV 5 2003

SINGLET . ZMX
CONFIGURATION 1 OF 1
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For proper imaging all the rays from a given field angle are supposed to fall on a single point, or close
to it. You can see that this is not quite true yet. Here is a spot diagram, that is, a picture of the rays at the

focal plane for three representative image heights (the scale bar is 2000 microns, or two mm):
08I 8.0V OEG 0BT 7.80 DEG

200D 0@

IMA: -0 @20 M [ C . MA! 16 082 MM

QBT 18,00 DEG

IMA+ 27,954 MM
SPDT DIAGRAM

SURFACE " TMA

POLY CHROMATIC SINGLET
WED NOV G 268d3 UNITS ARE MICRANS.
FLELD ' L 2 il

RMS RADIUS 116,842 502,394  858.299
LED RADILIS . 300 77 1555 53 2514 78 SINGLET , ZMX
AIRY OIAM ¢ 3.706 REFERENCE ¢ CENTROLO CONFIGURATION | OF

Here is where the optical designer goes to work, improving the quality of the images, that is, making
the spot size as small as possible.

One can think of any variables in a lens prescription as degrees of freedom; the more variables, the
better one can correct the lens. In this case all we have is the two curvatures and the type of glass used in
the lens (lens thickness generally has only a minor effect). Let’s see what we can do. In order to improve
a lens it is necessary to define a figure of merit, that is, a measure of the degree of optical quality. Zemax
has a (very complex!) merit function editor, which fortunately for the designer, does a lot of the heavy
work automatically. In this case we employ a “ray-trace” merit function, in which we try to bring all the
rays to focus as tightly as possible for each of the points in the image. This is the ‘spot size’ criterion, in
which the sum of the squares of the ray distances to the common spot centroid is minimized, usually with
additional constraints like keeping the focal length of the system constant. Let’s try this. The two lens
curvatures will be used as variables, and the focal length constrained to equal 125 mm. If the focal length
is not controlled, it generally will grow without limit while Zemax tries to minimize the spot size!
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30 LAYOUT

POLYCHROMATIC SINGLET
WED NOV 5 2003

SINGLET . zZMX
CONFIGURATION 1 OF 1

We allowed curvatures to change, while maintaining the overall focal length (the distance from the
lens to the image plane) constant. Although the rays now focus at a smaller spot on the focal plane, the

lens is still far from perfect:
0BI: ©.00 DEG 0BI: 7.00 DEG

2000, 00

IMA: D.00B MM IMAR: 16.577 MM

0BI: 10.0D DEG

S0 T

IMA: 23.796 MM
SPOT DIAGRAM

SURFACE: IMA

POLYCHROMATIC SINGLET
WED NOV 5 2883 UNITS ARE MICRONS.

FIELD ; 1 2 3

RMS RADIUS 339.382 135.985 432.307

GEO RADIUS 492,577 307,313 1038 34 SINGLET  ZMX

AIRY DIAM 3.949 REFERENCE : CENTROID CONFIGURATION 1 OF 1
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The main reason is that glass has a different refractive index (or “bending power”) for each wavelength,
so generally more glass types are required to compensate for that. We have run out of degrees of freedom
here, so more are needed.

Now we will try a cemented doublet lens (two glass elements, three independent surfaces). We will
see that the image quality can now be made much better, since we now have more variables, or degrees of
freedom (two glasses, plus three curvatures). We will start with an arbitrary doublet, and improve on that.
(Sometimes it is necessary to separate the lens elements, which gives us one more variable, and enables
us to further improve the image quality).

30 LAYOUT
POLYCHROMATIC DOUBLET
WED NOV 5 2003
DOUBLET . zZzMX
CONFIGURATION 1 OF 1
0BI: @.00 DEG 0BI: 7.008 DEG

2000.00

IMA: B.000 MM IMA: 17.061 MM

OBT: 10.00 DEG

. } e

IMA: 24,481 MM
SPOT DIAGRAM

SURFACE: IMA

POLYCHROMATIC DOUBLET
WED NOV 5 2003 UNITS ARE MICRONS.

FIELD ' 1 2 3

RMS RADIUS 335.943 136.188 427.428

GEO RADIUS : H43.460 346. 094 1071.62 DOUBLET . ZMX

AIRY DIAM 4.056 REFERENCE @ CENTROID CONFIGURATION 1 OF 1
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This will now be “optimized” by allowing the lens to vary until the best focus is achieved:

T

30 LAYOUT

POLYCHROMATIC DOUBLET
WED NOU 5 2003

DOUBLET . ZMX
CONFIGURATION 1 0OF 1

Although the glasses were allowed to vary, as well as the curvatures, there is not much improvement.
This means that for this application a doublet is simply not good enough. This happens even to the best
designers! One tries to use the simplest design that will do the job, then go from there. So let us now
“break” the lens apart and try one more variable (four curvatures, two glass types, one airspace). Here is
the starting point. We will see where this takes us...

30 LAYOQUT

POLYCHROMATIC DOUBLET
FRI JUN 9 2000

\\POC-NTI\TEAM T\CESAR_SEPULVEDA\DOUBLET.ZMX
CONFIGURATION: ALL 1
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and this is the design we get in the end. The front element has a slightly extreme shape, but

30 LAYOUT

POLYCHROMATIC DOUBLET
WED NOV 5 2003

CLORPT_l  ZMX
CONFIGURATION 1 OF

note the high level of correction, as evidenced by the spot size:

OBI: .00 DEG OBI: 7.00 DEG
S
S ® #®
S
IMA: -0.600 MM IMR: 17,104 MM
0BI': 10.060 DEG
IMAR: 24,420 MM
SURFACE: IMA
SPOT DIAGRAM
POLYCHROMATIC DOUBLET
WED NOV 5 2003 UNITS ARE MICRONS.
FIELD : 1 2 3
RMS RADIUS 55.077 48,727 64,881
GEO RADIUS 176,233 204,710 225,340 CLORPT_@al1 @ ZMX
AIRY DIAM 4.015 REFERENCE : CENTROID CONFIGURATION 1 OF 1

Notice how much smaller the spots are!
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We will end this demonstration with a triplet lens (three glasses, six surfaces, two airspaces). The starting
point is fairly arbitrary, to show how well the correction can work.

30 LAYOUT

A SIMPLE COOKE TRIPLET.
WED NOVU 5 2003

TRIPLET F5 10Q8MM.ZMX
CONFIGURATION 1 OF 1

And here is what it looks like after several correction cycles:

LI

30 LAYOUT

A SIMPLE COCKE TRIPLET.
WED NOVU 5 2003

TRIPLET F5 100MM.ZMX
CONFIGURATION 1 OF 1
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OBI: 0.0000 DEG 0BI: 2.8000 DEG

&

IMAR: -@.000 MM IMA: 4.886 MM

20.00

0BI: 4.0000 DEG

IMA: 6.983 MM
SPOT DIAGRAM

SURFACE: IMA

A SIMPLE COOKE TRIPLET.
WED NOV 5 2003 UNITS ARE MICRONS.
; |

FIELD ! 2 3
RMS RADIUS 2477 2.417 2,955
GED RADIUS 7. 160 8.280 8.502 TRIPLET F5 100MM.ZMX
AIRY DIAM 6.705 REFERENCE @ CENTROID CONFIGCURATION 1 OF 1

The spot size is now about 10 microns, or about a thousand times better that was possible with a
singlet or even an airspaced doublet. The circles in the spot diagram represent the size of the Airy disk,
which is the smallest theoretical spot size for a given wavelength and imaging conditions. This means that
we can do no better than that.

Conclusion

There are many types of optical instruments, each with its own basic requirements. Here you have
seen just a hint of what is possible in lens design using powerful software to optimize lenses. Since a full
tutorial would be outside the scope of this demonstration, the user is referred to the Zemax demo and
tutorial at http://www.zemax.com/demo_z.html

Although the software makes the design process easier, brute force is no substitute for knowledge; it
is still necessary to know what to do, that is, which starting point to choose, which variables to use, and
especially when to stop! We hope this gives at least a basic idea of what is involved in designing an
optical instrument.
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Optics Checklist

These lists are not necessarily comprehensive, but should provide a minimum of the input and
output parameters necessary for optical system development
RECEIVABLES:
Class of instrument: Telescope, Camera, Spectrometer
Field of view: Narrow, Medium, Wide,
Type of field: Point, Line, Square, Rectangular
Field of View (FOV) dimensions: Angular, Linear
Instantaneous FOV (iFOV): Angular, Linear
Type of instrument: Refractive, Reflective, Catadioptric (both)
Spectral range: Visible, Infrared, Ultraviolet)
Radiometric Sensitivity, Throughput.
Construction (if known) : Deployable, Monolithic, Lightweighted
Parameters: System aperture, Focal length, F/number
Particular requirements: Accesible intermediate images or pupils, Cooled optics, Cryogenic detectors)
Environmental: High or low temperature operation, Underwater or high-pressure atmosphere, Corrosive
or high-radiation environment.
Quality of optical surfaces: Superpolished, Diamond-turned, Replicated
Pointing requirements: Stability, accuracy, repeatability

DELIVERABLES:

As a minimum: A completed optical design showing manufacturing tolerances, sensitivity to
variations in manufacturing and assembly parameters: tip/tilt, decenter, despace, surface irregularity.

Supporting CAD documents. Generally the optical design is carried over to the Mechanical CAD
Workstation as a combination of an IGES line work file exported directly from within Zemax plus an
ACIS (SAT) file generated by means of the TracePro software (www.lambdares.com). This is done by
reading the native .ZMX format file into TracePro, then exporting it as a .SAT file. It is very useful to
have an ‘Optics CAD’ folder to hold these files so Optics and Mechanical have a common location for
convenient access.

If a multi-configuration file is to be translated, say a beamsplitter with two optical paths) it is
necessary to convert it to individual single-configuration files (“Channel 17, “Channel 2”, etc) since
TracePro only “sees” the main configuration and not the alternates.

Supporting documentation showing the decision process used to arrive at the particular design.

Discussions regarding the suitability of the chosen design. Can it be built, or does it require a
separate technology development effort? Can it be tested?

Proposed assembly and integration procedure (this always works as a sanity check!)

Proposed test and validation procedures (same as above)

Powerpoint or similar file(s) can be very useful for capturing and documenting the details of the
design process
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Electronics Design to Mechanical CAD model

These are notes on importing an ORCAD electronics board layout into Pro/Engineer
(Pro/ECAD), and then into PATRAN for analysis. Additions and suggestions for this page are
welcome.

Import into Pro/Engineer from OrCAD & Pro/ECAD

1.

fix the file names; they arrive from OrCAD as file.brd & file.lib
o rename file.brd to file.emn (contains board layout info, 2nd line says Board)
o rename file.lib to file.emp (contains component info, 2nd line says Library)
grab ECAD license:
o misc, float option, ECAD, done
import unpopulated circuit board as a Pro/E part:
o part, import (name it what you like), ecad in, idf 2.0, board, file.emn
make the board the first component of an assembly
o aa (mapkey for EDB start assembly, which has a coord system; or you can create
a new assembly & give it a coord system), component, assemble bare board
(assembly by coordinate system works very well)
then import components:
interface, import, ECAD, IDF 2.0, default options, select assy coord system
when Pro/E asks for Neutral file name: file.emn
when Pro/E asks for Profiles file name: file.emp
import process takes off

O O O O

potential problems (Robert Dillman, 757-864-7177, r.a.dillman@larc):

1.

tested w/ OrCAD-output IDF files; one has .brd extension, other .lib; if don't rename the
file extensions, you need to type the full file name when Pro/E asks (file.brd, instead of ?
and picking file)

Pro/E won't read input from files w/ capital letters in name; rename first or you'll get
error "cannot open file"

Pro/ECAD reads in each component, gives it a default coord system named

ECAD DEFAULT, and asks which coord system to use to assemble the component; you
can either click "ECAD_DEFAULT" once per component, or add

"ECAD COMP_CSYS DEF NAME ecad default" to your config.pro (tells it to use the
default coord system; I tried, but couldn't get it to change what name it uses)

Pro/ECAD doesn't like components used in library (.lib) file to have spaces in their
names; if it yacks while reading file, look at the file, and if spaces are the problem get
them renamed in OrCAD or use unix sed.

sometimes when trying to read components, Pro/E creates a file saying how to fix import
problems, called ecad hint.add; rename this file to ecad hint.map, and re-run the import,
some things (but not all) will work better.
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Thermal analysis of electronics board in PATRAN

«  When done correctly, the parts of an assembly will come in with their group names
defined by the part file names from Pro/E.

« In general, the board will come in as a trimmed solid. Unless you specifically need the
holes, it will be easier to handle as a (green) native PATRAN surface. Just select the
edges of one side of the solid to define it as a surface. Also, at least in the one example I
ran, the board came in with an incorrect thickness, so you may want to check the
thickness before you use it for the plate property. This is another reason to go with the
plate instead of solid formulation. If you need the holes, just define one side of the solid
as a trimmed surface (then you will only be able to get a triangular mesh).

«  WARNING: to save yourself time, you may not want to not post the group(s) that
contain the board solid, or you might even have the designer suppress some layers in the
Pro part before you pick it up, because for some reason the trimmed solid board will
generally slow the display in PATRAN down immensely (it also makes the import take
longer -- can be several hours).

« All chips will come in as trimmed solids, so you will only be able to get a tet mesh (with
the current version of PATRAN). If you have to have a solid brick mesh, you could
select the bottom surfaces of all chips at once and do an extrude -- or select tops and
bottoms to do a 2-Surface Solid Create.

« Don't use the properties of glass-filled epoxy from PATRAN -- the k is too low for most
boards -- and the properties seem to be such that you can get instability in trying to solve
with high-power chips.

« The simplest and most accurate way to attach the chips to the board is to use contact
convection. Since you won't want any of the nodes to be equivalenced together, the best
way is to translate the chips off the board by some distance (greater than your tolerance)
before you mesh them. Then apply properties and mesh. You can apply contact
conduction between the geometries by picking the chip bases as region 1 (easy to do in a
side view), and the board as region 2. The h value you select will define the chip
temperatures, so make sure you include the effect of epoxies, pin connections, air
convection, etc.

« Layers in the board will have a large impact since the amount of copper in each region
will vary for each layer. You don't have to do separate layers to be accurate, just make
sure that each region of the board has a Cp and k appropriate for the percentage of copper
present.

« Heat sinks and bolts will have huge effects on chip temperatures and are sometimes not
included in the Pro/ECAD file. Make sure you find out about any extras of this type.
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An example board in Pro/E and PATRAN:

Mechanical CAD model to Orbital/Environment Station

Step 1: Obtain exported ProE model file (preferred file is IGES v5.3 ASCII file),
through shared drive.

Step 2: Using PolyTrans to convert the IGES file into Lightwave (.Iwo file)

e From the “Translate!” drop down menu highlight “Import 3D Geometry”. See figure
below.

* Select the file format to import.

* This file format selected is the CAD geometry (eg. IGES .igs file) you want to eventually
import into STK.
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EfExecute the 1GES v5.3 geometry import plug-in
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IGES ¥5.3 Geometry Import Plug-In

Thiz geometry filker imports IGES 5.3 ASCl files,
including all HIRBS entitizs plus trimming curves.

After selecting the file to import into PolyTrans

. . tain | Other | Subdivisions | Tolerances
the dialog box shown here will appear. l I

Make sure all appropriate boxes are checked. The ™ Flip model so that v asis is "Up"

boxes selected from the Main tab shown in the ¥ Create and assign colored materials

figure can be used as defaults by the user. ¥ Create teszelated MURES data while importing
Generally, the options on the other tabs can be left

at their defaults. ™ Convert closed circular arcs into planar faces
Select OK when satisfied. [T Conver closed curves into planar faces

[~ List which parsed entities are nat suppartad

¥ Fieport statistics about the parsed file

| Haww to Optimize 1GES filez for Be-Expart I

2k, | Eancell Fiesetl Help | .-i‘-.l:u:uut...l

* Once you have successfully imported the CAD geometry (eg. IGES .igs file), it
can be exported into another file format.

* Select “Export 3D Geometry” from the “Translate!” drop down menu. See figure
at right.
* For STK we will need to convert to a Lightwave file.
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B [sclecior

Execute the Lightwave exporter plug-in

Translatel Edt Select views window Help

Batch Translate...

Import 30 Geometry

Reset Scene
OkinofMuGraf .bdf Files

Batch Convert Image Fies. .,
Convert One Tmage File.
View Image File...

Play AYT Movie from Disk

Preferences

1Rl L dtelescope_assy_asm.iags
2Fi,..\...\capes_assy_asm.igs
IFiltesthus

4L M (arge) s

Exit

= vioild

BHE telescope_assy_asm

—
305 MAX (cick for infa)...
30 Studio 305 file, .
Alss Triangle file. .
Detaler flle...

DirectX file.

DF file .

IGES v5.3 ASCII file..
Imagine .iab file...
ightscape Jp File.

Openlight filz.
OpenGl C Code file...

POV-Ray 2.0/3.0fle..

ProjE SLP Render' file...

Quickdraw 30 fil...

Renderware ASCII file...
Rendsrman RIB fils,..

SaftImage file...

STLFle...

Strata StudioPro v1.75 file...
truespace File...
Viewpoint fWet astream YET/MTS file.

Camera ‘default’

VRML 1.0jv2.0 and Inverkor2 file. .
Wavefront file.

[ sesawed | fnauinas

&
AP T R I T
APy -
5«%?%\\\\«‘\\ ey LA
& .

s
St
T

s

LY

LLZ:N
D,
Wy

K

[seumxa [ saaens [sw

Ready

iglstart || |

Bi0| x|
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After selecting the Lightwave file format to
export to, the dialog box shown here will
appear.

Make sure the “Write polygons to a single
.Iwo object file” box is selected and click
OK.

PolyTrans will then convert the file into two
separate Lightwave files (.Iws & .Iwo).

The .Iwo file is of importance for STK. The
files can be saved in any convenient
directory.

Lightwave Export Filter

Thiz geomet filker exportz geometny, hierarchy, materials,
textures, lightz, cameraz and animation to Lightwawe files.

M ain |.-’-'-.utn:n-Eitmaps Eitmap Pathsz | Surfaces I Enables |

Lightwave file format version: & FE % B0 or newer

[ wiite files to a new sub-directary

[ Usze absolute paths for all images and _wo files

[ Beverze arientation of all polygons

I wiite polygons to a single lwo object file

[ Triangulate concave polygons [~ Triangulate all polys
[™ Confirm potential file ovenwrites

[ Twncate filenames to 8 characters [(M5SD05 8.3

b aximurn vertices per palygaon: |I35535
IB'EI.E degrees

ASCI Line Terminatar: & CRAF © LF © CR

Geometry smoathing angle:

Thiz exparter can alzo be used to move scene and animation
data into the Electnic Image Animation System program.

k. Eancell Help | Reszet | .-’-'-.I:u:ut...l

Step 3: Using STK'’s file converter, convert the IGES file into a model file ((mdl

file

e Open the Lightwave to AGI Model Converter (LwConvert.exe on the desktop of the
Orbital/Environmental Station machine). See figure at right.

* Browse to find the PolyTrans converted Lightwave .lwo file of the CAD geometry.
Make sure the “Model Type” option is set to None.

* A file of the same name with the .mdl extension will appear in the “Output MDL file”
area. Click OK to create a .mdl format file of the CAD geometry.

* This .mdl file can then be imported into STK through the 3D Graphics menu for the

scenario spacecraft.
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 LwConvert v2.4 =] I
ﬁ Lightwawe to AGI Model Converter A
¢!

About. .. | Hintz... |
Input L0 fle:  Browse | IF:"»IDE-E.‘-".F'ES‘»STK tModel Fileshspacecraft_azzembly. o

Output MOL file:  Browse | IF:HIDE-E&F‘ESRSTK Model Fileshspacecraft_aszermbly. mdl

v Comwert [ Articulate

" Spacecraft, Aircraft [+ to 2. +#=< to 7] € Facility [+ to +2)
1[4 I

™ Ground Yehicle [+ o +2, + to 7] = Maone Apply Cancel

|' kadel Tupe [far axiz ratation, if desired]

T R e e R

. When a satellite is created in STK a default geometry is assigned to it. See figure at

right.
*  Once the user has converted their spacecraft geometry file into the .mdl format it can be

exported into STK, replacing the default satellite geometry.
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3 Satellite1 - 3D Graphics Properties

Pass I Orbit Framel Vectorl Proximity  Model Ifosetsl Contowrs | Model F'ointingl Data Displa_l,ll

=100

" Model List: Edit List |

Scale: I‘LDDEI '_J—

Wiew... |
Reload |

r— Detail Threshold:

— hiodel — Marker
¥ Show ¥ Show
& ModelFil: [satelitemdl EI A HTERE & Maker  |Cicle |

" Image File: I J

= Transparett

Seale: I"-‘-lJDD _——

[ Raotate: ID.UUDDDD deq

¥ Uss
—— Detals — —— Maxi "Wiewing Dist .
etails aximum Yiewing Diztance X Origin: Im
All I?UUU.DDDDDD kr P o
' Origin: ICenter vI
Simple Model, Label I‘I 40000000000 ——F—
b arker, Label |4BDDD.DDDDDD o ——
Marker ISEDDDD. 000000 ——————
Ok, | Cancel | Apply | Help |
| ldeg [uTce km ka |ser

Pictured is an example of a different .mdl file that was created from an IGES file
following the procedure outlined earlier in this document.
may need to adjust the scale of the satellite. This can be done under the Model tab of the

3D Graphics Properties tool menu.
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Orbital/Environment Info to Thermal Station
Information transfer is via text/Excel file, and values are re-entered in Thermal Desktop

Screen shots in Thermal Desktop/RadCAD:
Thermal...Manage Orbits...Add

htch level 19 - [D:vmy_docs' CAPES new'\bus1.dwg]
Draw Dimension Modify ‘Window | Thermal Help
B0 ~]|[Oeg. B
e Modz| Browser
Case Set Manager. ..
Symbal Manager. ..

Q|5 et EE B @,

Optical Properties
Thetmophysical Properties
Radiation Analysis Groups. ..
SINDA Submodels.. .
Surface Defaults. ..
Preferences...

Surfaces/Solids
FO/FEM Metwork
Articulatars
Modeling Tools

Model Checks
Radiation Calculations
CondjCap Calculations
Post Processing

Edit Current Orbit. .,

Fluid Modeli
uid Modeling Display Current Orbit

Impark Crbit Display Preferences...
Export

Wiew From
Litilities Wiew Vehicle

Thermal Desktop Help. .. Orbit Display Off
About Thermal Desktap. ..

Heating Rate Case Manager il

Cument Heating R ate Case: kep
| betaz4 Add | I rpiort |
Delete | E wport |

Copy
Edit

Set Current

i

Digplay Orhit Done | Help

Select Keplerian
Type in case name based on orbit
Add orbit parameters from STK Excel file (bring across from IDC_Share)
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Orbit parameters screen:
Heating Rate Case: kep x|

K.eplerian Orbit | Drientatinnl F'u:usitiu:unsl Flanet Datal Spin I

Select bwo of the fallowing to

Orbit Inclination: define shape of orbit;

R.A. of Azcending Mode I'I 00.063 [ Minimum Alitude: (400 ko
Arqument of Periapsis: IEI ¥ b aximum Alitude: 400 km
R.A. of Sun IEEI.EEEI? [V Eccentricity: 0

7 |

R.A. of Prime Meridian I'IUD.T g4 [T Period: 5553.62 zeC

Calz B.A. Sun/Prime keridian

i

|lpdate

2k, I Cancel | Help |

Check shadow time on positions screen
Heating Rate Case: kep x|

¥.eplenan I:Irl:-itl Orientation Fositions | Flanet Datal Spin I

{* Use Equal Increments: i |sze Posiions:
— Shadow Crogzings
Start; |0 0000000 -
20, 000000 IV Automatically nclude:
Erd 360 30000000 Brigg TALITEEED
' 120000000 Exit  276.304200
150.000000 —
Inrememts: |1 2 180.000000 — Position Angles———————
210.000000
240000000 % Tiue Anomaly
270.000000 e
" Mean &nomaly
Update List | 300.000000 LI
Edit lizt iternz directly, uze <Enters to insert entry

k. I Cancel Help
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Three ways to confirm orbit with STK person:

Compare shadow times

Display orbit, then select and type ‘list’ to get vectors to sun and planet at each time point
figure shows selected orbit

1.
2.

" AutoCAD 2000/ Thermal Desktop 4.5 patch level 19 - [D:\my_docs\CAPES)new' bus1.dwg] =& x|
EBEle Edt wew Insert Format Iools Draw Dimemsion Modiy window Themmal Help g = s |

Do | 2=|voedoroc o O & FES0Q|8|letEE a @ L,|== " .

JJ:_ — —
oo ESIRNIY - |
10 |+
Fla @~
| O N Y|
bolii=y |7
&) 8 o/E =
3 Y |
w | B : o | X
== i 73, 7l
Y @ oo f
= o : e
Py : Ralc kS
|2 : =
B : ¥ E o)
P fit EHim
e i i [_Id
<= “lm=
i & |po| =
T < 9. i B
& # | b | WH
o[- A
= i :Q’ = !
yirs @ 0O
e =
@ 2
P 4
ﬁ
Output of ‘list command:
Bl AutoCAD Text Window - D' my_docs' CAPES' new' busl.dwg - |EI|E|
Edit
1 found ;I
Data to be uszed for heating rate calculations:
Tim=., mean, true, Illum Sun Vector Flanet Vector
Orbit Radius
il n.oo, 0.00 =un, < 0.429,-0.420,-0.800>, <« 0.000, 0.000,

1.0005, 1.0627

462 802, Jo.oo. 30.00 sun, «—0.028,-0.420.-0.907:, « 0.000, 0.000,
1.000x, 1.0627

925604, 60.00. £0.00 sun. «—0.4%8,-0.420,-0.7%1>, <« 0.000, 0.000.
1.000x, 1.0627

1388 .41, 90.00. 90.00 sun, «—0.800,-0.420,-0.42%9:, « 0.000, 0.000,
1.000x, 1.0627

1851 .21, 120.00, 120.00 sun. «—0.907.-0.420, 0.028>, « 0.000, 0.000,
1.000x, 1.0627

2161.34, 140.10, 140.10 entry. «-0.842,-0.420, 0.338:, «<-0.000, 0.000,
1.000x, 1.0627

2314.01. 150.00. 150.00 shade. <-0.771.-0.420. 0.4%8:. <-0.000. 0.000.
1.000x, 1.0627

2776.81, 180.00, 180.00 shade, «-0.429,-0.420, 0.800:, «<-0.000.-0.000,
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Display of orbit and listing from STK

Satellite-CAPES: Lighting

Sunlight Times

Start Time (UTCG) Stop Time (UTCG)

1 Jun 2009 14:00:00.00 1 Jun 2009 14:36:08.70

2168.702

1 Jun 2009 15:11:07.91 1 Jun 2009 16:08:49.95
3462.038

1 Jun 2009 16:43:49.18 1 Jun 2009 17:41:31.19
3462.007

1 Jun 2009 18:16:30.46 1 Jun 2009 19:14:12.43
3461.977

1 Jun 2009 19:49:11.73 1 Jun 2009 20:46:53.68
3461.947

1 Jun 2009 21:21:53.00 1 Jun 2009 22:19:34.92
3461.917

1 Jun 2009 22:54:34.28 1 Jun 2009 23:52:16.16
3461.887

2 Jun 2009 00:27:15.55 2 Jun 2009 01:24:57.40
3461.857
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3. Display orbit as “Display from...’

o

0O O O O O

o

Sun

Star

Subsolar

Planet North
Vernal Equinox
Ascending Node
Orbit Normal

b

Use the same display viewpoint within STK and compare visually.
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Post Processing 3
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Manage Orbits. ..

Display Current Crbit
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ram Sun
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SubSolar

Planet Morth
Wernal Equino
Ascending Mode
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Utilities
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About Thermal Deskkop...
a
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E.g., view from Planet North looks like:

AutaCAD ZDOH =&l x|
g [ |
o
oo w1l |
Fae £ |+ |E3
s @ o |E
o O | Pl
o< ¢y 7| M
L | -
5B zl
m% OIII]
=lo Oéy@’
e oo | =
0o | g
-2 40
|2 ==%
7 & E &
;) =1 [P
»| o | %
o= Ia]!];
R & po| =
|7 |
/T‘:: | b |
2 toE
P &@'
yire « 0O
5 .
<R EL
£
-

Display from STK:

Earth Inertial |/
1 Jdun
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In addition, the flux on a particular node over time can be plotted or saved to a file.

To do this, select the node to be plotted while in post-processing mode, while the data you want
plotted over time is post-processed on the model.
E.g., shown is a node selected, and then you select Thermal...Post Processing...X-Y Plot versus

Time.

2 AutoCAD 2000i/Thermal Desktop 4.5 patch level 19 - [D:ymy_docs\CAPES\bus1.dwg] _3] x| B
[EB File Edt View Insert Format Took Draw Dimension Modfy Window | Thermal Help —&] x|
|D2d|s a|p=Poasmn  f[man St R AT
- Model Brawser... I
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(m) #*
@ Symbol Manager. . |
Ed z |+ 0B
< SV = Ed
Optical Praperties » -
Al L]l
Thermophysical Froperties  » -
£ ¢ Radiation Analysis Groups... )
SINDA Submodels. . T
ae Node ... Surface Defauls... )
48 ' o —— o ||
o = T
gk Surfaces/Solids 3 X u
w | B 617, 3 FDIFEM Network 3 I M| X
=l g Articulators » od |5
a2 Modeling Tools » o e
o 555. 5 — =
= Model Checks 3 88 ¥
v Radiation Calculations v 7 D)
o #
=] 493, 8 CondfCap Calculations 3 | R J*
ar— [ Edit Current Dataset. . = £
B & o Manage Datasets... L2 il
| @ 4321 il Display Current Dataset. ., B >
o Fluid Modeling Color Bar Preferences. .. 7
o P Create Addiianal Calar Bars + e | |
— mpart =
o[ | 3704 - . Crtle Color Bars 5| g —
) - Color Bars Al Active .@6 E .
v Ukiities
5 Color Next Time 2 i ]
p r Thermal Deskiap Help... Color Previous Time 2 = i
"= About Thermal Desktap... Anmate Through Time . =
Mext Time and Position . B
= 3 B
| Previous Time and Position Ol |
#C » 0
e [ -]
¥ i)
72 Post Processing OFf g
123.5
<A EE}
a2
ERS
61,73 —
Y
]
<0
Orkit Time = 5553 63, pos = 14, Totoal chsorbed flux [S1, W/m™2
[Comnand: '_pan Ei=
Conmand: Fress ESC or ENTER to exit. or right-click to display shortcut-menu =
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This gives the output:
=10/ x|

File Edit Wew Window DataSets Display Statistics Annotation Help

Dfes(E| x| 8|2l

i
Main Title
1100 =10/ ]
505.51 Main Title
s _ 07103 - 09:25:22
50
wsn | SO
se0+

B
2

8
™~

)
™~

i
™~

g
™~

250

Igllll TITT[TITT

925

0.0 E /
100+

Total Absorbed Flux [S], W™
[

u] a0 000 1500 2000 2500 2000 2500 4000 4500 S000 £500
Time, see

For Help, press F1 I_Wl_ y

This can then be saved out to a file using File...Export:
x

— Expart
" MetaFile " BMP O UPG " PHG

— Expart Destination

¥ ClipBoard
" File Browse | I
= Erinter

Cancel |
Help |

This allows saving to a text file or to the clipboard so that the data can be manipulated in an
external program such as Excel.
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Aerothermal Import to Thermal Station

Three examples of transfer from aerothermal to thermal will be described. These are: transient
heating uniformly on a face; transient heating that varies across a face, applied as a heat flux; and
transient heating that varies across a face, applied using the h, heating coefficient. All the
thermal modeling has been done in the software MSC.Patran, with the thermal analysis solver
MSC.Patran Thermal. Patran Thermal currently allows the heat flux result to be pulled in from
an analysis run, so that the heat flux applied can be plotted directly on the model.

Spatially uniform transient aeroheating

Heat was applied to the front face for each of several trajectories. The heating for each trajectory
was available for the POST runs made by Paul Tartabini. These heating numbers were decreased
by a factor of 0.38 (estimated by Joe Olejniczak of JPL/Ames) to account for the fact that Paul
T’s values were for a sphere of radius 1 m, and the true heating should be for a flat face. This
was done by entering the transient in the Heat Flux boundary condition, and adding the 0.38 as a
factor. This boundary condition was applied to all the elements on a single face. Example
results are shown in Figure 1.

1527
1418
131
1en2
1094 1
9884
8771

768

a3

Figure 1. JIMO Configuration C0 thermal results (traj=450s), at 340s, °C.

Spatially varying transient aeroheating applied as a heat flux

A model in MSC.Patran was developed, based on the geometry provided in Pro/Engineer. This
model was in cm. The Pro/E geometry was imported, which provides B-rep solids (“white
solids”) in Patran. These needed to be changed to native solids (“blue solids™) in Patran, in order
to allow hex meshing with the necessary degree of detail. White solids can only be meshed with
a tetrahedral mesh. It has been found in past models that a high surface heat load on a tet mesh
will not lead to an acceptable solution. Thus, the solids were re-created as native blue solids.
The materials were created in the model and applied as shown in Figure 2.
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Current model

Solid stainless steel

Revisions for next round

<«——____ Change to 2 mm stainless steel
case with annular ring of Nb-1Zr
(OD 54 cm, ID 34 cm, 20 cm high)

Solid LiH with 2 mm
stainless shell

Add layers of Be, B,C, W

Solid Nb-1Zr (with 2

mm stainless shell) Remove stainless steel shell

Change to annulus of Nb-1Zr (OD 44
cm, ID 20 cm) with solid end cap

Figure 2. Initial Configuration D thermal model.

The file provided by Joe O. for a spatial gradient of heating over the reactor was in terms of r and
z coordinates, in cm. In order to use this spatial gradient, a new coordinate system was created
in the model, using r-theta-z. (In future analysis, the origin of this coordinate system should be
aligned with that of the aeroheating model). In order to have this gradient be a field that would
not change between trajectories, it was divided only by Joe’s sqrt(rtho)V? value. Then, the spatial
field in Excel was broken into sections that were dependent on r, and sections dependent on z.
This allows the fields to be applied as 1D fields, which are much simpler to format and apply.
Thus, the boundary condition consisted of an r1 field (the smallest radius disk), an r2 field, and a
z field (for most of the reactor). In general, as much as possible of the data was put into the z
field, and an r field was only used when z was constant. This r (or z) dependent field then had r
in cm, and a unitless q factor that was not dependent on the trajectory. Each of these fields were
saved as comma separated variable (csv) files, and brought into Patran using a custom utility for
field import (bwm_spatial field).

This method was appropriate for the DO and D180 cases. For the D90 case, however, Joe O’s
data was x-y-z dependent (3D), rather than being axisymmetric. In this case, the model was
reduced to a quarter geometry model. The 3D spatial field was brought in using a custom utility
written by Mike Lindell. First, the node positions on the surface of the model were output to a
text file, formatted as Node ID, x, y, z. Then the spatial information from Joe was translated to
the same coordinate system, and a text file was produced with the format /D number (arbitrary),
X, ¥, z, q. Then using Mike’s utility (interp3D), the heating data was interpolated on to the Patran
mesh. This result was imported and displayed as a color map, and a FEM field created from the
values. This field was then applied as the spatial field in the heating boundary condition. In all
of this, dimensions were in cm.

This spatial gradient was then multiplied by a time function, which gave the behavior of the
heating over time. In order to incorporate Paul T’s transient, the value of heating at each time
was divided by the peak heating value, giving a normalized, unitless, transient of gq/qpeak versus
time. This was then multiplied by the sqrt(rho)V? from the peak heating point in Paul’s
trajectory (this microfunction is then in W/m?). This was used by taking this modification of
Paul T’s time-based transient of heating from Excel and placing it as an array in a Patran user file
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called micro.dat.apnd. This allows the time-based function to be called in an analysis, and to be
easily changed for different runs for the different trajectory cases (by manipulation of a text file).
The heating boundary condition applied used the spatial field multiplied by the time
microfunction. This was applied as Element Uniform (which applies a constant value across
each element), rather than the preferred method of Element Variable (which varies the value
across an element), simply because Element Variable does not plot properly (although it does
work). Figure 3 shows an example of the spatial factor for the applied heating. In the boundary
condition form, the spatial field is given as the Heat Flux Muliplier, and the Template ID calls
the appropriate line in template.dat.apnd. The template ID in that file calls the appropriate
microfunction in micro.dat.apnd. When the analysis is run, the cm units of the model geometry
are translated into m, so that the solution is done in m.

MSC.Patran 12.0.044 07-May-04 10:10:12 2.62-00
Scalar Heating (PThermal)[Template, Fluxes]:Heat Flux Plot 2.43-00
2.25-00
2.08-004—
1.87-004—
1.68-004—
1.50-004—

1.31-004__

1.12-00
9.36-00:
7.43-00:

5.62-00
Y

Q/ 3.75-00
1.88-00!

Figure 3. Applied heating factor boundary condition.

Spatially varying transient aeroheating applied using hc

Based on this first set of analyses, many refinements were made to improve the analysis for the
final set of aerothermal loads. The differences in the analysis consisted of changes to geometry,
materials, mesh density, aeroheating application methodology, and transient case definition.

The model was redone to more accurately represent the actual structure; the changes described in
Figure 2 were made. The resulting model is shown in Figure 4. The mesh density was
increased, with a node-to-node distance on the outer surface of about 5 cm, and a thickness into
the reactor or about 3 cm. There were about 21000 nodes in the full model. Run time for this
model was still only about 5 minutes, so mesh density could be increased further if desired.
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2 mm stainless steel case; annular ring of Nb-1Zr (approximates
reflector drive)
(OD 54 cm, ID 34 cm, 20 cm high)

Solid LiH; 2 mm stainless shell
over entire radiation shield

W (4 cm)
B,C (2cm)

Be (5 cm)

Annulus of Nb-1Zr

«——  (OD44cm,ID 20 cm) with solid end cap

Figure 4. Revised Configuration D Brayton reactor model.

The method for application of aeroheating values was changed substantially. In this case, the
heating data provided by Joe O. was cold wall, meaning that it was calculated assuming that the
entire model surface was at 300K. This will not give correct heating values since the surface will
quickly be at a higher temperature than that. It also will not give the correct spatial factor for
heat flux, even qualitatively, since the surface will have a temperature gradient, and will not be at
a uniform temperature. The surface temperature affects the heat flux, since the heating is
proportional to the difference between fluid temperature and skin temperature according to the
following:
q=h, *FTﬂuid - Ty (1)

where q is heat flux per unit area, and h, is the convective heating coefficient.

Since Joe’s heating was now cold wall, it was not usable directly, as the calculated heating
values would be too high, and the gradient would be false. Thus, the decision was made to
change the application of heating such that heat would be applied using h, and the program
would calculate heating using equation (1). Thus, on the new model, all boundary conditions
were changed to convective. A method for multiplying the spatial gradient by the time-
dependent transient was still necessary. The spatial field from Joe thus needed to be transformed

to be a heating coefficient field, as described in the following excerpt from Joe:
Physically, the reference heat transfer values that I gave you need to be scaled to account for the variation
in freestream conditions and to account for wall temperature effects. I think in terms of enthalpy, so I'll start
with using h:

q(s,t) = qref(s) * [(sqrt(rho_inf(t)))*(V_inf(t))*3] / [(sqrt(tho_ref))*(V_ref)*3] * [h_inf(t) - h_wall(s,t)] /
[h_inf ref-h wall ref] * h_inf ref/h_inf(t)

where

q(s,t) is the time varying heat flux along the surface
qref{(s) are the distributed reference heating rates in my spreadsheets
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rho_inf(t), V_inf(t), and h_inf{(t) are the time varying density, velocity, and enthalpy along the trajectory
rho_ref is the freestream density used in my qref calculations = 0.00439 kg/m3

V_ref is freestream velocity used in my qref calculations = 5852 m/s

h_wall(s,t) is the time varying wall enthalpy along the surface

h_inf ref is the freestream total enthalpy used in my qref calculations

h wall ref is the wall enthalpy used in my qref calculations, based on Twall=300K.

Now since we don't seem to have the freestream density it Paul's trajectory files, we can use the following
[(sqrt(rho_inf(t)))*(V_inf(t))"3] = q(t)/q_peak * sqrt(rtho_peak)*(V_peak)"3
where

q(t) is the heating rate given in Paul's trajectory file

q_peak is the heating rate at the peak heating along the trajectory

rho_peak is the freestream density at the peak heating point along the trajectory
V_peak is the freestream velocity at the peak heating point along the trajectory
The needed enthalpy values can be computed (approximately) in the following ways
h_inf(t) = 0.5*%(V_inf(t))"2 + Cp_inf*T _inf{t)

h wall(s,t) = Cp_wall*T_wall(s,t)

h_inf ref=0.5%(V_ref)"2 + Cp_inf*Tinf ref

h wall ref=Cp wall*T wall

where

Cp_inf'is the specific heat at constant pressure of the gas in the freestream
Cp_wall is the specific heat at constant pressure of the gas at the wall

T inf(t) is the freestream temperature

T wall(s,t) is the wall temperature along the trajectory

We now also make the following approximations:

Cp is constant, so all Cp values are the same = 1004.84 J/kg/K

Assume T infis fixed at 300 K

Define Cp * T 0= 0.5¥V~"2

Then the term

[h_inf(t) - h wall(s,t)] / [h_inf ref-h wall ref] * h_inf ref/h inf{t)

becomes

[T o _inf+ Tinf- T wall(s,t)] /[T _o_inf+ T inf] * [T o ref+ T inf]/ T o ref
where T o_inf=0.5*(V_inf(t))"2 / Cp

Finally, we can write

q(s,t) / {Tfluid - T wall(s,t)} = qref(s) * [sqrt(rho_peak/rho ref)] * (V_peak/V_ref)"3 * [q(t) / q_peak | *
[0.5* (V_ref)"2/Cp+ T _inf] /[0.5 * (V_inf(t))"2 /Cp + T_inf ]/ [0.5 * (V_ref)"2 / Cp]

where Tfluid = [0.5 * (V_inf(t))*2 / Cp] + T_inf
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Basically, the spatial field supplied by Joe was used, and all the modifications to that value that
made it a correct heating value based on the skin temperature were lumped (by Joe) into a
transient microfunction Hbar(t). This changes the q value to an h, value. Lumped into the
Hbar(t) factor are the ratios to factor Paul and Joe’s different trajectory sqrt(rho)V? values, the
factor to account for the cold wall temperature, and the g/qpeak ratio to give the transient
behavior of Paul’s trajectory.

The spatial q field from Joe was brought in as described in the previous section, using r and z
dependent fields for DO and D180, and 3D fields where the heating was not axisymmetric (D90,
D10 and the tumbling case). The temperature of the fluid was brought in as a transient
microfunction, different for each of the three new trajectory cases from Paul (ballistic
coefficients of 4406, 3470, and 9252 kg/m?). The transient factor Hbar(t) provided by Joe as the
appropriate multiplier for the spatial values was constructed in Excel, multiplied by the 1.5 factor
recommended by Joe O. to account for turbulence. This array was placed in the Patran user file
mat.dat.apnd, as that is where transient convective factors are maintained.

In this case, the boundary condition applied was Convection, Template. The spatial field was
placed in the box “CONV GP2/GP3”. The Template ID was given in the appropriate box, as
was the fluid temperature node ID. The template ID line in template.dat.apnd pointed to the
microfunction (in mat.dat.apnd), and used convection configuration 39, which is used in Patran
for multiplication of a spatial field and time field.

One item of interest is that when this change (to aeroheating application via h.) was first made,
the thermal results were completely different than the original. This was traced back to a bug in
the Patran Thermal software, which did not perform a correct multiplication of time-dependent
and spatially dependent fields in the convective heating boundary condition. This bug was fixed
in real time by MSC, and solution could proceed.

Examples of the solutions are given in the following figures. As before, each time a different
configuration was run, the results were brought into Patran, and the maximum temperature node
for each material block was determined. Then the transient behavior of those nodes was plotted
from the results. One other small item of interest on the Patran Thermal software is that during
the time span of this analysis, a new feature of heat flux plotting was implemented in Patran
Thermal. This allows plots of the heat flux over the mesh, as shown in Figure 6. However, there
appears to be an additional bug in the Patran Thermal code, which is not allowing correct
plotting of heat fluxes for fields that were applied with symmetric r and z dependence. This
problem is currently being worked.
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Figure 6. Heat flux for Configuration D tumbling, bc 4406 case (3D) with 1.5 factor, at 505

s, W/m?.

Aeroheating applied using ulib fortran (spatial variation changes over time)

Hyper-X example

In this example, the aeroheating was not a constant gradient that could be multiplied by a
transient factor. The gradient was complex, and changed at each time point. Thus, specialized
code was written within the user-customizable portion of Patran Thermal (ulib) to allow
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implementation of this type of heating. This software is available for use at other NASA Centers
if desired.

The aeroheating was applied using two different methods for different regions. Detailed
description of these methods can also be found in earlier papers™“i***I, For the area of the
actual sharp leading edges, the stagnation point heating was calculated via Fay-Riddell methods
using an internal Langley program called stagheat.exe. On the flat body sections (acreage), the
aerodynamic heating loads from the hypersonic airflow were predicted by the Supersonic
Hypersonic Arbitrary Body Program (SHABP)". Both the stagnation point and SHABP heating
loads were only computed at about 20 discrete time steps along the 130-second trajectory, which
was a much larger time step than would be used in the thermal analysis. The trajectory began at
the time the Hyper-X vehicle was dropped from the B-52. The mesh used in the SHABP model
was much coarser than the thermal model would need. Thus, the thermal analysis needed to
provide accurate interpolation of the heating data (both in space and time) onto the thermal
model. Both stagheat.exe and SHABP provided maps of heat flux (q) over the specified area at
each given time point. These heat fluxes were obviously dependent on the skin temperature of
the tail. Thus, after a solution was run for a given set of q maps, the temperature maps were
provided back to SHABP and stagheat.exe, and new q maps based on the latest temperature
prediction were run. Several (3-4) iteration loops were usually required for this cycle to come to
closure. Closure was defined as when temperatures between solution sets were varying less than
10°F.

An alternative method was used on the acreage loads for vertical tail, in order to minimize this
iteration time to come to closure. In this method, the SHABP model was run for several uniform
wall temperature sets on the entire component, rather than run for a specific predicted
temperature gradient. Then, within Patran Thermal, the solver interpolated on temperature as an
additional variable, to find the heat load for any given node based not just on the problem time
and its location, but also on its temperature at that time. This allowed the problem to be solved
in a single run of each program, rather than iterating between them. It also allows for a more
detailed map of the skin temperatures to be used to compute the heat flux, and so in regions of
sharp thermal gradient, it gives a better representation of the heat flux.

Incorporation of the stagheat.exe loads on the leading edges was fairly straight-forward.
Temperatures and body angles for several representative points on each leading edge were used
in stagheat.exe to generate a file of heating versus time for each point. A file in PATRAN
format of time-dependent heating based on different body angles along the leading edge was
produced. To apply that heating in Patran, a product of functions was used, as shown in equation
(1). These determined the difference in temperature between the node the heat is applied to, and
the representative node used to calculate the heating at that body angle, to correct the heating for
any given node based on its temperature. What was used in PATRAN is the exact heating for

each node based on its temperature, O, , where

(T = Troae)
Qno e = Qre *H ( - ”Udfj (1)
‘ ! H Text - Tref H

and where
Qref = h* (Text - Tref)
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Incorporation of the SHABP aeroheating loads was more complex. The SHABP loads were
calculated based on the aeroheating grid, a different mesh than the PATRAN model, at 18 time
points. These files were pulled into the PATRAN run and interpolated in space and time using
user-developed software within a routine provided in PATRAN called ulib. This ulib could
include user modifications to subroutines that were called at specific times during the solution.
For each node that had an aeroheating boundary condition applied, the thermal solution invoked
a umicro.f routine within ulib. This routine determined the nodal position and calculated the
aeroheating value via a weighted interpolation of four points in the SHABP grid. Since the
SHABP grid was highly swept, and the PATRAN grid was very fine but not regular, being
comprised of tetragonal elements, this calculation was not trivial. Due to the high sweep angle in
both the SHABP grid and the leading edge itself, and the sharp decrease in aeroheating with
distance away from the leading edge, the four points selected might not be the nearest to the
node, but needed to bracket it in terms of distance from the leading edge. The interpolation
could not be done in the orthogonal x-y axes, but had to be in a system orthogonal to and parallel
to the leading edge. This coordinate system was obviously different for the upper and lower
leading edges.

Due to geometry considerations, some modifications needed to be made to the basic aeroheating
flux predicted by SHABP. These involved load amplifications due to geometry elements such as
corners, gaps and shock wave off other parts that were not considered by SHABP. SHABP is an
engineering code, not a full CFD code. The use of full CFD in this case, with multiple time steps
to be analyzed for several different configurations, was not feasible. The most challenging shock
considerations were for the intersection between the vertical tail and horizontal wing. Depending
on the vehicle speed, angle of attack (AOA), and the angle of the wing, there could be a shock
wave off the leading edge of the wing onto the vertical tail in either the upper or lower direction,
or both. Shock occurred only on the outboard surfaces of the tail (adjacent to the wing), not on
the inboard surfaces adjacent to the fuselage.

An example of the thermal results from the vertical tail is shown in Figure 7. The effect of the
high stagnation heating at the leading edge can be clearly seen, as well as the effect of the
internal cavities with thin skins heating more than the solid areas.
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Figure 7. Exampletemperaturedistribution at end of trajectory on vertical tail (°C).
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